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This manual is issued Гог 
the informaticn anc cuidance of 
those attending the Service School 
conducted by the Allison Pivision 
of General Motors Corporation, 
Information contained harein 18 
considered necessary to those who 
are, or will be, concerned with 
servicing the Allison-Built J33 
Turbine Engine, απὸ should be 
retained for ruture reforonce, 
Instructions given are the result 


of preliminary experience in design, 


development, manufacture and 

service operations cn the eng ines 
and the gervico instructions out- 
lined should be followed closely. 


This section із to be 
devoted to an introduction of Jet 
Propulsion in general. The ideas 
presented in Section 1 can be 
applied to апу Jot Propulsion 
Turbine Engine unless а certain 
engine is apecifisd. 


Tho remaining sections will 
contain information concerning 
the 753 Engine only, опе pill tend 
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to familiarize the personnel read- 
ing ib with every phase necessary 
in servicing the епліпе. 


A Jet Propulsion engine, аз 
definod by engineers, is any form 
of a reaction engine which develops 
its forward thrust by the rearward 
emission or discharge of ч jet of 
any сыз or liquid. 


The following illustrations 
indicate simple examples of jet 
propulsion: 


Examples - 


A released inflated 
balloon (Fig. l-a) 


A 4th of July skyrocket 
(Fig. 1-Ь) 


A common lawn sprinkler 
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FIG. 1 
The three illustrations in . The dumbbell shown in Fig. 
Pig. 1 demonstrate in principle, 2-b, has an opening in each ball, 


Newton's Third Law "for every action on opposite sides, permitting a jet 
there is an equal, and opposite гө- of air to escape, and this flow of 


action." air is the action, creating a re- 
f action on the engine, causing a- 
It must be remembered that | .. turning movement on its axis in the 


all three of the jet propulsion en- direction indicated. А 
gines, illustrated in Pig. 1, ге- | 

ceive their forward movement by one 2, 

means, and that is the rearward e- | Š TENE 

mission of gas or liquid. 


That this may not be misin- 
terpreted, it is well to note that 
it is not the gas, or liquid, ризп- : 
ing against the air outside that 
drives these engines, but only the . ! NC AIR SUPPLY 
reaction from the action of the e- 
mission,of the jet. sg. li Ç 


р; AXIS 


To further illustrate this 
point, Fig. 2, a and b, indicate 
a dumbbell type of engine under 
air pressure. А 


The dumbbell shown in Fig. A 
2-а, has no opening that permits A AIR SUPPLY 
the air to flow, so there is по 
action, and consequently, no re- > ыр 


action. PIG. 2 
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It ia also io ра remember od 

at the outside alr atmosphere), 
та a restriction to the jet rush- 
ing out, and hag considerable ef- 
fect on the efficiency of the ac- 
tion. This atmosphere likewise 
hinders the forward movement of 
the engine, Theso factors can- 
not be ignored and ere dealt with 
under a THRUST formula, but in разя- 
ing, we note that the forward move- 
ment of the engines illustrated 
would be more rapid 1f their travel 
could be accomplished in а vacuum, 
since they ara self-sustained units. 


A rocket is a form of jet 
propulsion (Fig. 3-a). However, it 
із to be remembered that the rocket 
carries all tbe necessary ingredi- 
ents or materials, in some form on 
board, зо that it is not dependent 
upon the surrounding atmosphere for 
oxygen to support the combustion, 
which is necessary to create the 
high velocity discharge at the jet. 


GASOLINE 


LIQUID OXYGEN 


COMBUSTION 
CHAMBER 


A thermal jet engine (Fig. 


5-5), on the other hand, is de- 
pendent upon the surrounding at= 
mosphere for the oxygen necessary 
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for combustion. It will opara 

the stratosphere, but 1+ can, not τη 
function in the regions where there 
18 no Bir. Therefore, the magni ~ 
tude of the thermal jet's thrust, 
somewhat like the normal reciproce- 
ting engine plus propeller, falla 
off with the increased altitude, 
unlike the rocket which maintains 
relatively constant thrust with 1n- 
creasing altitude, (Fig. 4). 


IMPELLER NOZZLE 


ως μυ ον 

^ سم‎ eir = 
еру 

COMBUSTION ELI - TURB:NE 

CHAMBER WHEEL 


FIG. 


ROCKET — 


THRUST 


ALTITUDE 


FIG. 
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The thormal jet engine 18 
really a зішріо machine similar 
to the turbo-suporcharger, as we 
know 1t. The turbo uses waste gas 
to drivo the tupbine, which in 
turn drives tha impellar (compres- 
Sor), while in tho thormal jet en- 
Sine, the casos avo not wasted but 
deliberately created to drive the 
turbine and impeller, and then are 
discharged through the tail pipe 


and jet to give the destred THRUST. 


(Pig. 5-5), 


The Alt Forces decided on 
Jet Fropulsion, when it was real- 
ized that the aircraft with the 
conventional reciprocating engine 
and propeller combination, seemsd 
to have been developed to the 
point of propeller limitations. 
This limit was imposed, by the 
falling off of tho propeller ef- 
ficiency whan erfecta of compres- 
sibility set in at the higher 
speecs desired. 


The phenomenon called COM- 
PRESSIBILITY із sometimes called 
"COMPRESSIBILITY RURSLES" in that 
the slip streem, or stream-lined 
flow pattern of the sir breaks 
down, thus incressing drag on all 
airfoils. (Fig. 5-58). Compres- 
sibility із linked with the speed 
of sound (SONIC SPEED) of 763 MPH 
at 69°F. snd varies directly as 
the absolute temperature varies. 
Therefore, with an increase in al- 
titude, there 1з an accompanying 
drop in temperature and the speed 
зР sound is correspondingly lower, 
giving a lower limit where com- 
pressibility would begin. This 
does not mean that the plane must 
move at that rate of speed, be- 
cause there is always a LOCAL IN- 
CREASE in the speed of the air 
over an airfoil in motion. 


Arsa of docroased pressure 


-- = -. 


- 
= 
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CURRENTS 


A WING PRODUCING NORMAL LIFT 


FIG. 5 (a) 


Air current "A" is speeded 
up going over the top of the wing 
more than current "В", thereby 
causing a decreased pressure above 
the wing, allowing lift. Air in 
both currents tend to reach "Х" at 
the same time. 


Air current reaches sonic speed 


CURRENTS 


А WING PRODUCING RURBLES 


FIG. 5 (b) 
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Burbles are caused by the 
exceedingly high speed at which 
the wing is traveling. This causes 
the upper current "A" to have an 
increase in speed that gives a ve- 
locity greater than the speed of 
sound. When it must decelerate to 
meet current "В" at "X", burbles 
are formed. : 


Because of its rotational 
speed, as well аз its forward speed, 
the propeller 1s affected before 
the wings, etc. 
Broadly speaking, the гесі- p. MUN алы 
procating engine-propeller combi- 


nation and the jet propulsion өп- 

gine power plant are similar. Each 

gains its thrust by changing the 

momentum of the air, giving THRUST Я 

which is the product of MASS (weight) The thrust gained by the 
times INCREASED VELOCITY. (Fig. 6). thermal jet engine. 


FIG. 6 


However, the breakdown of the 
propeller efficiency, even when in 
combination with efficient recipro- 
cating engine, as compared with the 
thermal jet, which increases its 
efficiency with increased forward 
speed, leaves no doubt that the jet 
propulsion scheme is the REST pro- 
pulsive plant for high speed and 
high altitude performance. (Fig. 

7 and 3). 


The thrust gained from a 
conventional engine and propeller 
combination. 
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The development of tho J 
Type Engine, which із bastely a 
Whittle design, waa the direct 
result of an озлау written by Prank 
Whittle of England in 1950, when as 
а cadet in the R. А. UW. in answer 
to the question, "What do you ima- 
Sine might be the most outstanding 
change in аігогаѓі in the next do- 
cade?" His answer was the вазау 
entitled "Jet Propulsion". 


The essay aroused great in- 
terest in aviation cirelas and 
Whittle was selected to pursue his 
ideas in в University. The gov- 
ernment subsidized the building of 
& bench model and later fostered 
the construction of a model for 
flight. Оп May 12, 1941, Whittle's 
first jet propulsion aircraft flew 
successfully. I 


Thë с. 8. 
of the development 
Sion engines, both in England and 
on the Continent, contracted with 
the General Electric Company, of 
Schenectady, New York, to aid in 
the experimentation. This com- 
pany was selected because of their 
considerable experience in build- 
ing gas turbines. Іп addition, 
their effiliated company had as- 
sisted in the original development 
of the Whittle engine in England. 
The Bell Aircraft Corporation of 
Buffalo, New York, designed a plane. 


Air Forces, aware 
іл, jet ргорці- 


The first Whittle engine was 
brought into this country from Eng- 
land on October 1, 1941. One year 
was allotted to build the engine to 
conform to American requirements, 
and develop an American military 
aircraft, One year anda few days 
from that date, the first twin en- 
gine, Jet Propulsion, military air- 
craft (XP-59), was flown at a re- 
mote American desert station of 
the AAF in California. 


American experience greatly 


ІСТЕП 


influonoed the denign of the present 
jet propulsion ensine. Eevel gear- 
ing was chenged to the more compact 
spur type of gearing, bhe accessory 
mountings were changed to conform to 
the U. 8. Дір Forco standards, and 
the turbine whesi wea greatly im- 
proved, through Genera] Electric 
Company's knowledge of metallurgy. 


The type J engine, is a new 
and radically different type of power 
plant, It is а distinct departure 
from the conventional aviation en- 
gine, in that it is based on dif- 
ferent engineering principles, It 
has а different means of propulsion, 
and ita operation and performance 
are correspondingly different. Its 
power, altituds, and speed are out- 
standing. It has reached greater 
altitudes, carrying a greater load 
than any comparable militery air- 
craft, and requires no supercharger. 
In addition, it bas an almost in- 
atantaneous take-off, requiring 
only a fraction of a minute to warm- 
up. Having no propeller and only 
опе major moving part, it is ргас- 
tically vibratiíionless, It is 
lighter in weight, more simple in 
construction and operation, in that 


1% has fewer gauges and controls, 


and permits the aircraft to have a 
lower center of gravity (по рго- 
peller). 


Furthermore, 1t ів а complete 
aircraft power plant. Being com- 
plete in itself, it does not need 
such accessories as oil coolers, 
additional superchargers, inter- 
coolers, nor the controls necessary 
for the operation of such devices. 
Tt has а simple three point sus- 
pension (Fig. 8), in a specially 
designed compartment in the fuse- 
lage, or negelle, of the airplana, 
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VELOCITY; or thrust = mags x increased 
4 velocity. Мазала te ER 
TOP і 
The subject of jet propulsion, 
to be more clearly understood in the 
Type J 55, can be broken down into 
. three phases: 


l. Air for MASS (part of 
which 1s used Гог COM- 
BUSTION) is taken on 
board the engine. (The 

2 taking of air aboard and 

accelerating it to the 
velocity of the plane, 
results in additional 
drag upon the plane). 


2. The air must be processed 
on board {heated and ех- 
panded -- putting ай441- 
tional energy into it). 


5. The air expanded and e- 
jected (discharged) rear- 
ward in the form of a jet. 


After the air has completed 
this cycle and is ejected rearward 
at the jet, potential thrust is ob- 

The chamber around the front tained. There is THRUST when the 
of the engine is.so designed as to velocity of the air ejectod in re- 
form а duct, through which rammed lation to the plane EXCEEDS the - 


air is supplied to the compressor velocity of the plane in relation 
(Fig. 3-b) in flight. . Connected to the surrounding atmosphers. 


to the exhaust cone, at the rear of 
the unit, is a tail pipe and jet 
nozzle that provides for the es- 
cape of the exhaust gases. The 

only other connections required, 


five instruments. 


The jet propulsion engine, 
ig an internal combustion turbine 
engine, that develops its thrust 
by the emission of gas through the 
jet nozzle which is attached to 


the rear of the engine, at a higher V = Velocity of jet in - 

velocity than the velocity of the Ы lation ай ud δα. 

air at the intake. The amount of ve 

thrust is dependent upon the MASS V,= Velocity of the plane in 

of the air times its INCREASED P relation to the atmos- 
phere 4 
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REAR BEARING 
TAIL PIPE TEMPERATURE 


TEMPERATURE 


TACHOMETER FUEL MANIFOLD 
{ ROTOR) PRESSURE 


FIG, 10 
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From the formula above, 15 
follows that thrust will increase 
Af the jot volooity 18 increased, 
ог 1f the MASS flow of nir is in- 
creased. Therefore, аз forward 
velocity is increased, the айа1- 
tional ramming of the air increased 
the MASS flow, thereby giving more 
thrust. 


Therefore, tho Type J 33 jet 
propulsion engine, is а mechanical 
device, which develops its thrust 
by imparting high velocity to large 
masses of air, through a cycle of 
compression, combustion, and ex- 
pansion; and with all other factors 
remaining equal, tne plane's for- 
ward speed is the variable that af- 
fects thrust most. The greater the 
forward speed, the greater the a- 
vailablo thrust, because of added 
гаш. 


Also, the thrust obtained 
varies inversely as the absolute 
temperature, which запа that un- 
der all other similear conditions, 
the lower the free air tempera~ 
ture, the greater the thrust. 


The operation of the J 33 
turbine engine 15 relatively 
simple compared to that of con- 
ventional airplane power plants 
of high rating. 421 that is re- 
quired of the pilot for starting, 
із to engage an electrical switch, 
push a starter button, and oper- 
ate the throttle valve. In less 
than a minute the airplane is 
ready Гог take-off. The number 
cf engine instruments із small 
compared to that required for the 
operetion of other aviation power 
plants. At the present time there 
are only five engine instrumenta 
(Fig. 10) to be observed; these 
record exhaust temperature, bur- 
ner fuel pressure, lubricating 011 
Pressure, rear bearing temperature, 
and rotor speed. This simplicity 
of operation relioves the pilot of 
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considerable attention to the power 
plant, and givoa him more opportunity 
to attend to his business of combat 
and flight. 


This unit 18 particularly а- 
daptable to high altitude flight, in 
as much as it is both а gas turbine 
aviation engine and а turbo-asuper- 
charger in a single unit, with all 
the speed and altitude whieh the al- 
liance of these two powzr-producing 
agents make possible. The conven- 
tionally designed aviation engine 
loses its efficiency as it climbs to 
altitude because of the gradually de- 
creasing density of the air to both 
the engine and the propeller. dence, 
to restore to the engine an air 
density approximating sea-level, it 
must be equipped with a supercherger 
or turbo-supercharger, to compresa 
the rarefied air of the atmosphere 
for efficient operation. The pro- 
peller, however, still haz to cope 
with the rarefied air. The J 33 
turbine engine, on the other hand, 
climbs to altituce under its own 
power without requiring any addi- 
tional power-increasing devices. Tt 
has no propeller protlem. ἀπὸ since 
air resistance and sir temperatura 
are reduced at high eltitudes, 
greater speed and efficiency of high 
altitude flying are wade possible. 


The following definitions 
used throughout this and subsequent 
Type J 55 Allison publications: 
(Fig, 11) 


ar 


FRONT - 


The accessorias and (gen- 
erator, starter, pumps, 
өсс.), is to be considered 
the front ond. 


REAR - 


The opposite of front or 
the exhaust cone end, is 
бы considered the rear 
end. 


leg 
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LEFT AND RIGHT - COMBUSTION CHAMBER SEQUENCE - 
The terms left and right Combustion chambers are 
are established when numbered as viewed from 
Standing at the rear ond, the rear end of the en- 
Гасіпу the front - then gine ля follows; 
those component parts оп 
the left or right side, No, 1 is directly at the 
are so Jealignated, top or the center of the 

engine and the next cham- 

ROTATION - . ber going to the right 1s 

Мо. 2. The next is Що, Š 
The major rotating part and so сп until No. 14 13 
is the rotor assembly reached which will be 
(impeller and turbine), immediately to the left of 
Which rotates left-hand No. 1, 
ог counter-clockwiss, as 


established ty standing е 
at the rear cf the 


engine, facing the front. 
( T 
ACCESSORIES ROTATION - \ i3 
Accessory drive rotation, “ κά 


13 termed left (counter- 
clockwise), or right >< 
(clockwise), as viewed 

from the front end of | 
engine, or facing the 

mounting pads. «9 


LEFT SIDE 


м 
FRONT END M 


~~ 
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The Type J33 engine 18 de- 
signed in such a manner that 1t 
oan be disassembled into four main 
sub-assemblies. Each of these can 
be further broken down into other 
aub-assemblies. For the purpose 
of simplicity, the four main sub- 
assemblies will be designated aa 
"ASSEMBLIES" and the minor sub- 
assemblies will be designated аз 
"SUB-ASSEMBLIES" (Fig. 12). 


The main assemblies are: 


1. Accessories and ac- 
cessories gear сав- 
ing (includes cas- 
ing, gears, access- 
огівв). 


2. Compressor unit (in- 
cludes compressor 
caging, impeller, 
trusa rings, diffuser, 
front and rear bear- 
ing supports, and 
guide vanea). 
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5. Turbine unit (include: 
turbine wheel, housirn-, 
bearing support, ring 
and tube assembly, 
flame tubes, and 
adapters. 


4. Exhaust cone (include- 
inner and outer cone. 
and directional finns: 


In the ensuing text, free. 
reference 13 made to the Table of 
Limits, Section 5. This table shall 
be regarded as the indispensable 
guide throughout the operations which 
involve measurement, or the use of 
gauges. It contains а tolerance 
Limit required in balancing the 
impeller and rotor and the various 
clearances that must be taken dur- 
ing dismantling, disassembly, and 
assembly of the unit. It also lists 
the amount of torque allowable on 
the nuts of the impeller and tail 
сопе, 
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DESCRIPTION J 33 


1. GENERAL DESCRIPTION: 

The type 753 engine is а 
mechanical device vn ich develops 
its thrust by impartin, nigh ve- 

` locities to large masses of air 
through a cycle of compression, 
combustion, and exhaust. It is an 
aircraft internal combustion tur- 
bine engine. Its only major mov- 
ing part is the rotor, This is 
mounted on anti-friction bearings 
and consists of a centrifugal air 
compressor connected by a composite 
shaft to a single stage turbine 
‘wheel. The rotor is motivated by 
the ει а expanded by the combustion 
of 114,414 hydrocarbon striking the 
wheel at high velocity. The com- 
bustion of fuel takes place ina 
series of fourteen combustion 
chambers which receive fuel through 
individual burner nozzles from the 
fuel system. Air for maintaining 
combustion 1s introduced to the 
combustion chambers from the com- 
preasor. 


Atmospherio air enters at 
the front of the engine at "A", 
(Fig.1), through guide blades lo- 
cated at the front and the rear of 
the centrifugal impe lle "В". 


The guide blades direct the 
eir into the curving channels of 
this rapidly revolving double - 
sided impeller, which scoops up 
the air, and discharges it at a 
high velocity into the centrifu~ 
gally designed diffuser channels 

С" of the compressor casing. 
These channels slow the velocity 
of the air and distribute it 
evenly through the fourteen air 
adapters "D" into the fourteen 
combuation chambers "E", When 
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TURBINE ENGINE 


the sir reaches the combustion cham- 
bers, it enters the flame tub.s "Р", 
through a series :f holes in the 
flame tube, and miros with the fuel 
from nozzles "G" for combustion. The 
resulting gas expands instantaneously 
and forcefully, апа is directed from 
the flame tubes through the curved 
blades of the nozzle diaphregm ng" 
against the turbine wheel "I", caus- 
ing it to rctate. The energy of 

this gaa passing through the turbine 
wheel turns the sha?t "J", which 
being connected by the coupling "Е" 
to the impeller shaft, furnishes the 
motive power for the 1 тре ller"B". 
The gas, after passing through the 
turbine, then escapes into the ex- 
haust unit "L" and exhaust pipe and 
nozzle, creating thrust for propul- 
sion. Hence, a complete mechanical 
cycle is accoxplished, since the air 
coming into the compressor mixes 

with the burning fuel for combustion, 
and the resulting gaa turns the tur- 
bine wheel which turns the impeller 
that brings in more air to repeat tne 
process in a continuous operation. 


The thrust, created by the 
gas discharged through the exhaust 
cone and tail pipe nozzle, impels 
the airplane forward through the 
air by means of jet propulsion. Jet 
ргорціє".оп in aviation 15 the motive 
power whereby an airplane moves 
through space by means of gas ejected 
in jet form from the rear, creating 
the thrust of propulsion. Thrust 
exists when the jet velocity, in 
relation to the plane, excesds the 
velocity of the plane in relation 
to the atmosphere. Therefore, 
thruat increases as the jet velo- 
olty 1s increased, &nd as mass air 
flow із increased. Both are con- 
trolled by the amount of fuel burned. 
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The more fuel that is burned, the 
greater 1з the thrust of propul- 
Sion and therefore, the faster the 
plane moves through the air. Since 
burning is continuous, as long as 
the fuel flows, the airplane moves 
through the air in a smooth and 
continuous progression. Because 
of this continuous flow of air in- 
to the unit and of gases out of 
the unit, the movement of the air- 
plane із an uninterrupted, smooth 
ate sustained advance through the 
air. 


2. DETAILED DESCRIPTION: 


The type 755 jet propulsion 
gas turbine engine consists of: 


< 


—. 


Жам 


а. GAS TURBINE 


It 15 a single stage gas tur- 
bino, made up of a nozzle diaphragm, 
a turbine wheel, and a shaft. Тһе 
diaphragm, constructed ot high grade 
heat-resisting steel, has а series 
of curved blades, designed to direct 
the gas against the buckets of the 
wheel. The low alloy steel shaft із 
flash welded to the heat-resistant 
55891 wheel; the assembly is then 
heat treated to relieve strains. Se- 
curely dova-tailed into the rim of 
the wheel, із a continuous circle of 
curved blades called buckets. The 
wheel and shaft rotate when the даа, 
directed by the diaphragm, strikes 
the buckets of the wheel, After the 


қаз passes through the bucket wheel, 
it is discharged out of the unit 
through the exhaust cone. 


CUTAWAY OF PHANTOM ENGINE SHOWING TURBINE 


2-6 


FIG. 


Š 
PRELIMINARY 


RESTRICTED 


b. CENTRIFUGAL AIR to admit high velocity air with a 

. COMPRESSOR minimum of shock, The compressor cas 
ing, of three parts, is made of mag- 

A double sided multiple-vaned пезіша alloy in some models and alu- 


wheel known as the impeller, en- minum alloy in others. The two halves 
closed ín & casing, together with a are bolted to the front and rear of 


diffuser, comprise the centrifugal the diffuser, through which the air 1 
air compressor. The impeller is а efficiently distributed into the four 
heat treated aluminum forging, cap~ teen elbow openings of the diffuser. 

able of withstanding the high The two halves of the compressor cas- 
speeds at which it must revolve. ing, when bolted to the diffuser, en- 


The curves of its vanes are designed close the impeller. 


CUTAWAY OF PHANTOM ENGINE SHOWING COMPRESSOR 


FIG, 
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5. COMBUSTION CHAMBER 


ch In the fourteen combustion 
ambera, the air from the com- 
ггеззог is mixed with the burning 
81 to cause combustion. Each 
Combustion chamber consists of an 
outer casing and flame tube. The 
fourteen outer casings are welded 
into the ring that surrounds the 
nozzle diaphragm, forming a com- 
plete unit, designated аз the 
ring and tube assembly. The flame 
tubes are removable, and are made 
of a high heat-resisting metal. 
The outer casings are linked to- 
gether by short connecting tubes, 
into which inner crossover pipes 
are inserted, linking the flame 
tubes together. The fourteen 
combustion chambers are connected 
to the fourteen elbow Openings of 


the diffuser by diverging adapters, 


which contain the domos that geal 


R TCT F D 


the forward end of the flame tubes. 
These domes euch have я fuel nozzle 
mounted jn their center, through 
which fuel 1з introduced into the 
flams tubea. The air from the com- 
pressor is diroctod from the fourteen 
centrifugally designed elbow outlets 
of the diffuser through the adapters 
into the outer casings of the сош- 
bustion chambers, and 1t follows the 
path between tho Inner and outer саз- 
ings and is admitted into the flame 
tube through a series of holes. The 
burning of the fuel takes place in 
the flame tubes and should be com- 
plete before it passes the nozzle 
diaphragm and turbine. The fuel is 
ignited at starting, by two spark 
plugs, one located 1n combustion 
chamber No. 7 &nd the other in com- 
bustion chamber No. 14. Refor to 
Figure 6 for detailed action with- 
in the flame tube. 


CUTAWAY OF PHANTOM ENGINE SHOWING COMBUSTION CHAMBER 


FIO. 
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COMBUSTION CHAMBER DETAILS 
J33 GENERAL ELECTRIC TURBINE ENGINE 
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d. ROTOR ASSEMBLY 


The rotor is a finely bal- 
anced precision assembly and con- 
stitutes the heart of the engine. 
It consists of the turbine wheel 
with its shaft, and the impeller 

, With ite shaft, joined together 
ру a coupling. ‘The entire assem- 
bly 18 mounted on anti-friction 
bearings. The impeller is sup- 
ported by a ball bearing on tho 
front shaft, and a roller bearing 
on the rear shaft. The turbine 
wheel and shaft are supported by 
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a ball bearing at the front end of 
the shaft and a roller bearing at 
tho roar of the shaft; both bearings 
being in front of toe turbine wheel. 
The impeller 18 housed in the com- 
pressor assembly, while the turbine 
unlt contains the turbine wheel 
shaft and bearings. These two com- 
ponents of the rotor assembly are 
united during the final assembly by 
the coupling, splining to the ends 
of the turbine and impeller shafts. 
These units aro each finely bal- 
anced individually, and checked for 
runout ал an assembly. 


CUTAWAY ОР PHANTOM ENGINE SHOWING ROTOR ASSEMBLY 


FIG, 
PRELIMINARY 
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CUTAWAY OF PHANTOM ENGINE SHOWING EXHAUST CONE 


СОТАНАУ OF PHANTOM ENGINE SHOWING REDUCTION GEARS 
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e- EXHAUST CONE 


The exhaust cone, bolted to 
the unit at the rear of the turbine, 
із a tapered cylinder-shaped outlot 
for the exhaust gas. It has a 
Closed, smaller cone within it, a- 
round which the gas is ejected іп 
a gradually expanding form. The 
inner cone is supported to the 
outer сопе by four radial stream- 
lined fins or vanes of stainless 
steel, that assist in straighten- 
ing out the turbulence of the ex- 
panding gas. To prevent excessive 
loss of heat energy through the 
exhaust cone, 1t ів covered with 
four layers of aluminum foil, each 
Separated by & layer of bronze 
screening. 
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P.  ACCESSORIED FEAR ASSEMBLY 


The &ecosnopbíon ganr assembly 
compriaed of the pear casing, gear 
train, and angina accessories, 18 lo- 
gatod at the front of the engine. To 
eagily understand the system of gear- 
ing ond the relation of one drive to 
another, refer to Fi. 19, This 
figure shows the rajlative Location 
of the gears and the pinions driving 
them, The main drive pinion "A", 
which is connected to the rotor by a 
splined shaft, is connected to the 
starter gear "B", by a clutch assembly. 
The clutch disengages centrifugally, 
when tne speed of the rotor reaches 
а predetermined point. The gear "В" 
is driven by the gear "C", which 1a 
part of the starter. Gear "B" also 
drives the starting fuel pump gear 
"р", The pinion "A" drives the in- 
termediate gears "E" апа "КЕ", Gear 
"E" tn turn drives the generator 
gear "С" which drives tachometer 
generator "H", On the same shaft 
with gear "Е" із a pinion "I", which 
drives the main fuel pump gear "J", 
which in turn drives the governor 
gear "К". The intermediate gear "Pp" 
has, on the suce shaft, а pinion "Т" 
which drives the lube pump gear "М", 
Therefore, this accessories gear 
train driven by the rotor, is com- 
posed of a series of reduction gears 
and pinions, which convert the trans- 
mitted speed of the rotor shaft to 
the rated speed of all accessories, 
except the starter and starting 
fuel pump, The starting fuel pump, 
wnich is driven by the starter, is 
only in operation while the starter 
is functioning, and stops operating 
when the starter is electrically 
disconnected. 
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&- ATTACHED ACCESSORIES 
(1) GENERATOR 


The generator is a віх 
Pole direct current generator, 
with shunt windings of 200 amperes 
and 50 volts at speeds varying 
from 4400 to 8000 R.P.M. The gen- 
erator'is mounted on the front of 
the accessories gear casing, in 
approximately the "eleven o'clock 
Position, and is cooled ру air 
entering the commutator end and 
passing through to a discharge 
manifold and carried to the сош- 
pressor inlet. The rotation of 


the generator 1з clockwise when 
facing the mounting pad. 
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ACCESSORIES GEAR CASING 
SHOWING THE GENERATOR 


FIG. 11 
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(2) STARTER 


The starter is rated at 
17 volta, 300 amperes, at 8000 
R.P.M. for INTERMITTENT operation 
and 1s mounted on the front of the 
engine accessories casing, in the 
"eight o'clock position" and ro- 
tates counter-clockwise when facing 
the mounting рай, The driving end 
of the starter 18 geared to the 
rotor shaft through the starter gear 
and an over-riding clutch in tne 
accessories gear casing. 


ACCESSORIES GEAR CASING 


SHOWING THE STARTER 


FIG. 12 
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(3) МАТУ FUEL PUMP 


The main fuel pump is 
mounted on the front of the ac- 
cessories gear casing, in the 
"one o'clock position", and op- 
erates in the clockwise direc- 
tion facing the mounting pad. 

It 1s а pressure loaded, gear- 
type, positive displacement pump, 
assentially the same as all stan- 
dard gear-type pumps designed for 
aviation hydraulic systems, It 
has a rated flow of 20 gallons 
per minute at 3400 R.P.M. and 500 
Р.5.І. discharge pressure. It is 
а single element gear pump, with 
constant displacement at any one 
speed, and has no relief valve, 
Fuel enters the intake port, 1- 
dentified by the raised boss on 
its side containing the spring 
valve for controlling the "pres- 
sure loading" of the internal 
bushings, and is carried between 
the tooth spaces around the case 
and out the discharge port. There 
are four 1/8" pipe tapped holes 
in the mounting flange, the lowest 
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MAIN FUEL PUMP 
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FIG, 15 


ono of which is to be piped to ап 
atmospheric drain, that drains out 
any fuel that озспроз past the pump 
shaft seal, ard the three remaining 
holes are plugged. 


(4) STARTING FUEL PUMP 


The starting fuel pump 
is located on the front of the ас- 
cassoríes gear casing, in tho "four 
thirty o'clock position", and is a 
positive displacement pump of the 
spur gear type, similar to the main 
fuel pump, but on a smaller scale. 
Its rated flow is 4.2 gallons per 
minute st 5000 R.P.M. and 200 Р.8.1. 
discharge pressure, and its rotation 
is counter-clockwise facing the 
mounting pad. Тһе function of the 
starting fuel pump, which is driven 
by the starter gear, (Рід.10), is 
to assist the main fuel pump at 
the low cranking speeds during the 
starting of the engine. It is con- 
nected in parallel with the main 
fuel pump and has a check valve at- 
tached to the outlet port, which 
prevents the by-passing of main 
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pump fuel pressure through tho 
starting fuel pump during пого 
mal operation, when the start- 
ing pump 1» inoperative. This 
pump, has Sour 1/8" tapped holes 
in the mounting flange to pro- 
vide draining of fuel that ез- 
Capes past the shaft seal. The 
lowest one of these holes is 
piped to atmosphere and the other 
three are plugged. 


LUBE AND SCAVENGE 
PUMP 


(5) 


The Nichols Model pump, 
used for lubrication and o11 sca- 
venging, is a two alement prés~ 
sure and suction pump, mounted on 
the front of the accessoriss саз- 
ing, in the "six o'clock position". 
Its lubricating element is rated 
to give a flow oP three gallons 
per minute at 2400 В.Р.М., and ro- 
tates in а clockwise direction 
facing the mounting pad. The sca- 
venge element is rated at 10 gal- 
lors per minute at 2400 R.P.M. 


The pumping elements соп- 
sist of an inner and outer rotor. 
The inner rotor is сопсепігіс with, 
&nd driven by the shaft from the 
mounting pad of the accessories 
casing. The outer rotor turns in 
an eccentric steel insert and is 
driven by the inner element of the 
driving shaft. The inner rotor 
has six teeth, and is so designed 
that each tooth travels over the 
entire circumference of the outer 
rotor once every seven revolutions. 
This resulta in relatively low rub- 
bing speeds at high shaft speeds, 
The shaft runs in bronze bearings. 
As the pump has no unsymmetrical 
masses it is in balance at all 
times. (Pig. 16). 
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The lube slement is the 
one nearest the mounting flange, and 
Ja similar in construction to the 
acavenge element located at the front 
or the end opposite the lube element 
and mounting flange end. The inlet 
port for the lube pumping element is 
in the machined face of the mounting 
flange. When the pump ів mounted, 
this port lines up with an oll pas- 
sage line drilled in the mounting 
pad of the accessories case. 


The pump 13 equipped with 
a safety valve, which may by-pasa 
oil from the discharge of the lube 
pumping element, through 4 port in 
the mounting flange, directly back 
into the gear case. This valve is 
designed to open at 80 to 100 P,S.I. 
pressure and is not adjustable, 
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(6) GOVERNOR Plug type valve "B" and out the dis- 
charge port "C". That portion of 
The governor із a by-pass the fuel under pressure, which ia re-- 
valve, controlled by centrifugal quired to actuate the power-piston 
fly-weights, which act to prevent mechaniam "L" 1s bled from the inlet 
overspeed of the rotor in excess of supply, "А", and passes through 


11,500 R.P.M. At this speed the ` strainer "D", to the pilot valve "ЕП, 
governor fly-welghts are rotating | ASSUME that the gas-turbine rotor 
Approximately 3400 R.P.M. The speed is 10,000 R.P.M. At this 


governor is mounted.on the front of speed, the governor is running ap- 
the accessories gear casing, in the proximately 3000 R.P.M. and the 


"three o'clock position" and го- weights "F" have pulled the origi- 
tates in the counter-clockwise di- nally semi-circular springs "0" in- 
. rection facing the mounting pad. to an elliptical shape. The springs 
Ἐν і are hinged in the weights "Е", Опе 
; < The operation of the :. spring is clamped at its midpoint 
governor is as follows: (Fig.18) to the spring driving bracket "H", 


ї СТТ: 2 ' while the other spring is about to 
- '  . n At speeds under 11,500. touch the spring~loaded spindle "I", 
` R.P.M., the only discharge from The spindle has not yet touched the 


. the governor is a slight leakage adjustment screw "J", and so the 
‘from the outlet port "C", At. | |. ° pilot-biasing spring "К" is holding 

“ speeds over 11,500 R.P.M., fuel :: the pilot valve down, allowing in- 

то enters the governor through port . let-pressure fuel to pass through 


і EC "А" 4 
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раззез through the rotating .. the inlet port "A", and aid the 
2% | Жо, LPN spring in forcing the piston "І" to 
Зв uppermost position. Thus, the 
hole in the by-pass valve "В" is 
held at 90° to the main passageway, 
and only а slight leakage reaches 
г the outlet "О", As speed increases, 
^ the weights "F" fly farther out, 
causing the free spring "G" to 
‘touch the spindle "I" and push it 
towards the speed adjustment screw 
"JU, . Just before 11,000 R.P.M., 
.the spindle contacts the adjusting 
screw "J", which turns the linkage 
shaft "M", and tips the fulcrum 
Зөуег оп the. sccentric, which in 
turn lifts the pilot valve "E" 
against the force of its biasing 
spring "К", As the pilot valve 
.moves up, the lower port "М" is 
closed, and the port "O" 13 opened 
"фо the inlet pressure of the fuel. 
When the pressure builds up on the 
.upper side of the piston, the pres- 
sure on the lower side is drained 
to the outlet "C", Thus, the pis- 
ton is forced downward, rotating 
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. Bide of the valve housing into the 
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the by-pass valve, o | 
» causing the ec- 
onl to move down, TÉ Қарқын 
the Pilot valve downward, closing 
th upper port and preventing Гиг- 
er movement. If the partly 
SL code Position of the by-pass 
Ма ve does not return enough fuel 
t the pump inlet to prevent fur- 
her speed increase, the pilot 
valve із not restored sufficiently 
by the eccentric, and by-pass valve 
rotation continues until Speed is 
limited to 11,500 R.P.M. 


Two seals are used in. 
this governor, one a cup-type seal 
. УР" on the linkage shaft, prevents 
: excessive leakage from the drained . 
weight and spring chamber "9". The: 
. weight. апа spring casing is drained 
.to'atmosphere by а 1/8" tubing so 
; that it runs dry at all times. The 


` 8951 "В" on the splined shaft, pre- | 


vents fuel from entering the ас- 
cessories ge&r casing. 


(E The adjusting screw lo- 
cated under the top plug on the 
side of the governor, 1s used to 
establish maximum speed for the 
turbine engine. One turn of the 
adjusting screw 18 equal to $00 
-R.P.M. change of speed of the ro- 
tor. Turning the screw clockwise 
peduces speed and counter-clock- | 
wise increases speed. { 


CAUTION: ADJUSTMENTS SHOULD 
BE MADE WHEN THE MAXIMUM | 
R.P.M. IS BELOW 10,000. AD- 
JUSTMENTS MADE OVER 10,000 
MAY CAUSE OVER-SPEEDING OF. 


THE ROTOR. 


cator. 


(7) TACHOMETER GENERATOR 
The tachometer generator 
15 located on the front of the ас- 
cessories gear casing, in the "ten 
o'clock position", and is а two- 
pole three phase А.С. Generator, 
which is used with а suitable indi- 
cator to record turbine engine rotor 
speed. The counter-clockwise rota- 
tion of the tachometer generator, 
viewed from the mounting pad, is 
1,000 to 2.404 of the rotor shaft 
speed. When the shaft of the gen- 
erator 1а rotated, three-phase al- 
ternating current is transmitted to 
the synchronous motor of the indi- 
The frequency of the volt- 
age generated, is proportional to 


the speed of the turbine and the 
generator develops one cycle for 
each revolution of its rotor. 
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CONDITION AT NORMAL RATED SPEED 
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(8) DRIP VALVE 


The drip valve is lo- 
cated in the lower part of the 
fuel manifold in line with com- 
bustion chamber No. 8 and has 
three connections; one for the 
fuel supply, one for the cock- 
pit pressure gauge, and the third 
for drainage to atmosphere. The 
purpose of this spring-loaded ball 
type valve, із to drain the fual 
manifold of all fuel, when the 
fuel pressure within the manifold, 
falls below 5 P.S.I. gauge prea- 
sure. This action relieves ргез- 
sure in the fuel nozzlas, before 
combustion ceases, on stopping 
the turbine engine, giving a 
cleaner cutoff and prevents oar- 
bonization of the nozzles, and 
Prevents fuel from dripping into 
the combustion chambers at low 
fuel pressures. 


VIEW SHOWING THE DRIP VALVE 


FIG. 20 
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(9) COMBUSTION CHAMBER 
DRAIN VALVR 


The sombuation chamber 
drain valve is located under the tur- 
bine ongine directly under No. В com- 
bustion chamber and in а apring- 
loaded ball type valvo, used to drain 
any r&w fuel that mtght have col- 
lected in the air adapters and com- 
bustion chambers during a false 
start. It 1s connected to a drain 
manifold, which in turn, ia connected 
to the seven lower chambers, namely 
Nos, 5 to 11 inclusive. The upper 
chambers drain internally through 
the orossover pipes down to chambers 
5 and 11. The valve із designed to 
open and allow fuel to drain to the 
atmosphere when the pressure in the 
chambers falls below 2 P.S.I. gauge 
pressure. 
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' VIEW SHOWING THE COMPUS- 
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(10) SPARK PLUGS ' 
The two spark plugs 
that are used in starting the 
turbine engine, are located in 
No. 7 and No, 14 combustion 
chamber air adapters. They are 
of the porcelain core type and 
have electrodes long enough to 
extend into the combustion cham- 
bera. The gap between the elec- 


trodes should be within the 
limits of .075" plus or minus 
2005", 


CHECK TABLE OF LIMITS. 


motes? 


VIEW SHOWING THE LOCATION ОР 
ONE OF THE TWO SPARK PLUGS 


FACING FRONT OF TURBINE  BNGIBE . 
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(11) ІЛНЕ OIL PILTER 


A lube οἷ} filter of tne 
purolator type, іп mounted at ths 
alacharge port of the lube pressure 
pump. Its purpose is to remove 
foreign matter from the oil by ita 
рарег type filter element. 


In the event of the ele- 
ment becoming clogged, there is, in- 
corporated within the filter housing 
body, two by-pass valves set at 10 
to 12 168. differential pressure, 
that wil] permit tho 011 to by-pass 
the filter element. 
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(12) BAROMETRIC 

The barometric is an al- 
titude compensated fuel pressure 
regulating valve, of the by-pass 
type. It provides the fuel system 
control valve with the proper fuel 
pressure to maintain constant rotor 
Speed at changes of altitude for a 
given throttle setting. It 1з 
mounted at the front of the acces- 
Sories gear case, directly in front 
of the lube oil pump, in the "six ` 
o'clock position". It is connected 
in parallel to the main fuel pump; 
that is, the inlet of the unit is 
connected to the outlet line of the 
main fuel pump, which in turn, is 
connected to the control valve. 
Then the outlet of the barometric 
is discharged into the inlet of 
the main fuel pump in the normal 
manner of any relief or pressure 
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FIG. 25 
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control valve, The main fuel pump 
1з of the constant displacement type, 
the fuel discharged from it will not 
vary appreciably with any change in 
altitude from sea-level to 50,000 
feet, at a constant rotor speed. 
But, the dense air at sea-level im- 
poses a greater load оп the compres- 
sor than the rarer air at altitude. 
Therefore, the sea-level or low al- 
titude operation requires the use 

of more fuel to maintain the rated 
speed than is required at altitude. 
During increases in altitude, it is 
the function of the BAROMETRIC to 
by-pass the surplus fuel supplied 
by the pump, back to the inlet side 
of the main fuel pump, and during a 
decrease in altitude it compensates 
and regulates the fuel supply to 

the control valve, which in turn, 
supplies the additional fuel ne- 
cessary to maintain constant rotor 
speed. 


The action of the baro- 
metric (Fig. 26) із аз follows; 
the by-pass connection to the high 
pressure line that connects the 
main fuel pump, and the control 
valve of the fuel system, enters 
the barometric at port "A" and 


, passes into the center of the con- 
. trol valve "В"; 


then through ports 
in the valve that coincide with the 
fuel chamber at inlet port "A". The 
fuel then proceeds up through the 
valve body and out through the 

ports at the top of the valve to 

the outlet port "C". From the fuel 
chamber at the inlet port, a passage 
supplies fuel to the filter "N" and | 
hence to the pilot valve "D", where 
it is available for the pilot valve 
to deliver to the top of piston "E" 
when it becomes necessary to change 
the amount of by-passing, which is 
dependent upon the position of the 
control valve "B" in its sleeve. 

The addition or reduction of the 
amount of fuel above. the piston, 
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is controlled by the position of 
the pilot valve "D". A downward 
position of the pilot valve, al- 
lows fuel pressure to be admitted 
to the top of the piston "E", and 
an upward position of the pilot 
valve, opens a passage зо that 
the tension of the spring under 
the piston "E" forces the fuel 
trapped above it into chamber "Х" 
which is drained to the fuel out- 
let "C". When the pilot valve is 
in its center or neutral position 
the piston "E", and consequently 
the control valve "B", that con- 
trols the amount of by-passed fuel, 
are in а fixed position depending 
on the amount of fuel trapped a= 
bove piston "E", 


Two bellows, "F" and "О", 
are used in the unit so that fuel 
pzressure variations within the cas- 
ing "К" (which is connected to the 
by-passed fuel outlet pressure) 
are balanced against equal areas. 
Therefore, these fuel pressures 
that will be varying, will have no 
effect upon the action of the bel- 
lows "F" which actuates the pilot 
valve "D", This allows only at- 
mospheric pressure changes to af- 
fect the bellows "Р". 


ASSUME that the air- 
plane із at sea-level and start- 
ing a climb to altitude. Atmos- 
pheric pressure acting on the in- 
terior of bellows "F" is lessened. 
Therefore, the force exerted on 
the underside of the top plate "а" 
of the bellows "F", has reduced 
the force that was opposing the 
tension apring "H". The tension 
spring, therefore, pulls the bel- 
lows' connecting stem "I" downward. 
The downward movement of the stem 
"I", lifts the pilot valve "D" 
through the action of the lever 
"J" about its pivot point. This 
movement of the pilot valve "D" 
covers the presaure inlet to it, 
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and opens the drain from above the 
piston, into the casing "К" and 
honce to the by-passed fuel out- 
let "0", The tension of tbe control 
valve spring "1" was upward on the 
positioned piston "E", and downward 
on the control valve "B" and was 
balanced by the high fuel pressure 
under the small area of the control 
valve. Draining of a portion of 
the trapped fuel above the piston 
"E", because of the new position 

of the pilot valve "D", allowed the 
spring "L" to move the piston "E 
upward, which through the piston 
lever (P) pivoting about ita point 
"M", restores the pilot valve "p" 
to its original position (neutral). 
At the same time, the high fuel 
pressure under the small area at 
the bottom of the control valve 
"В", moves it up to a new position, 
enlarging the restriction of by- 
pass. This movement was possible 
because the movement of piston "E" 
reduced the tension in spring "L", 
causing an unbalanced condition; 
and the high fuel pressure under 
the control valve moved it upward 
restoring the condition of balance. 
In so doing, а пот position of the 
control valva, of less restriction 
wag established, This meeta the 
reduced fuel requirements of the 
gas turbine without manual re- 
adjustment of the control valve. 


When the plene descends, 
increasing atmospheric pressure 
expands the bellows "Е", and through 
its lever, forces the pilot valve 
downward, This allows high ргев- 
sure fuel to be directed to the 
top of piston "Е". The increased 
fuel pressure on the top, forces 
piston "E" downward, increasing 
the tension in the spring "І". 

This upsets the balanced condition 
that existed between the spring 
and the fuel pressure acting at 
the bottom of the control valve; 


and the control valve moves downward 
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to re-establish the balanced 
Condition. In doing so, it 
reducea the by~pass port open- 
ing. At the time that this re- 
balancing was taking place, the 
downward movement of the ріабоп 
E" through its lever pivoting 
about the point "М", brought the 
Pilot valve back to the neutral 
position. The result of this en- 
tire operation was that less fuel 
маз by-passed and the increased 
fuel requirements for the lower 
altitude operation were met. 


The barometric alters 
the main fuel pressure discharge 
approximately as follows: 


ALTITUDE (ft.) PRESSURE (psi) 


Sea Level 3B0 
10,000 275 
20,000 190 
30,000 130 
40,000 100 
50,000 80 


(15) CONTROL VALVE 


The control valve is а 
manually operated control of two 
elements іп one casing. One ele- 
ment, the STOP COCK is a valve of 
two positions, open and closed. 
Its function is to admit or cut 
off the fuel supplied to the noz- 
zles.. The other element із the 
THROTTLE, and its purpose 1s to 
regulate the amount of fuel sup- 
ріїед to the nozzles, &nd conse- 
quently the rotor speod, from 


idling to maximum speeds at The 
diacretion of the pitt The con- 


trol is located at the right side 
of the accessory casing, in the 
“three o'clock position". 


Both elements of the con- 


trol valve are connected by link- 
age to the pilot's cockpit quad- 
rant. The stop cock is a poppet 
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, valve. 


type valve, wiich, when open, per- 
mita fuel to flow to the burner 
nozzles. When it 18 closed, it pro- 
vides a seal that prevents flow or 
leakage from the fuel pump and sys- 
tem to the nozzles. The operating 
torque on the lever control is а 
maximum of 100" los. to open the 
valve and 55" lbs. to close the 

The THROTTLE 18 a sliding 
cylinder type valve. The maximum 
torque required on the operating 
lever ia 30" lbs. to open and close 
1t. The control shafts are actuated 
by the movement of the levers which 
have 8 spline fit on the shafta, 

The movement of the lever is ап are 
of 90°, and the movement from closed 
to open із counter-clockwise. When 
in the closed position, there is 
sufficient fuel passing to retain 
idling speed of the rotor at 5500 


ACCESSORIES GEAR 
SHOWING THE CONTROL VALVE 
FIG. 27 2-27 
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R.P.M, This fuel flow ів adjust- 
able at a needle valve that is un- 
der an acorn nut on the, side of 
the unit. The arc of travel of 
the STOP COCK is algo 90°, but 
clockwise (facing the lever), from 
the closed to the open position. 
The stop cock actually seats 10° 
before the dead closed position, 
but the further torque necessary 
to close the valve, springs the 
linkage enough, making a greater 
mechanical efficiency, both ореп- 


ing апа Closing, and maintains а 
better seal when closed. 


The fuel flow through 
the control valve is as follows: 
(Pig. 28). i 


.The fuel enters at the 
inlet port "А" and passes through 
the opening between the tapered 
section of the valve and the flame 
tube at "B", Flowing through 
chamber "б" 1% passes stop cock valve 
"D", апа continues to the outlet 
port "E",. The pressure оп the two 
sides of the THROTTLE are nearly 
balanced by interconnecting both 
ends of the valve through channels 
"P".  Pressures on the STOP COCK 
are not balanced, because the 
Stop cock is the final seal to pre- 
vent leakage into the fuel system. 
As a safety feature and а precau- 
tion against the possibility of 
fuel leakage through the control 
valve shafts "С", there аге double 
seals at "H" with drains provided 
from them to the combustion сраш- 
ber drain valve. 
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h. UNATTACHED ACCESSORIES 
(1) STARTER CONTROL 


The starter control is an 
eleotrical device which 1а used to 
limit the initial starting torque of 
the atarter for approximately threes- 
quarters ої a second, while the pawls 
in the starter are being contacted. 
The starter control consists of two 
main contactors, a starter resistor, 
and a time delay relay. These are 
811 assembled in one dustproof case 
that is mounted in an accessible 
location of the airplane. 


When the main switch is 
closed on starting the unit, the 
time delay relay 48 energized; the 

points аге separated by the current 
passing through its magnetizing 
coli. From this coil, the current 
passes through the resistor to the 
. starter and the ignition coils. 
This current 1з very weak and of 


no great value, but ia flowing at ' STARTER CONTROL 
. All times the main switch 18 closed. 
_ Holding the starter button in, еп- рта. 29 


ergizes the first main contactor 
relay, which shunts the current that 
was separating the time delay points, 
and releases them. The heavy cur- 
rent now passes directly acrosa the 
points and to the solenoid of the 
second relay, which short-circuits 
the resistor out of the circuit, 

and places full power of the battery 
on the starter. This sequence of 
operation takes about 3/4 of a sec- 
ond, during which time the starter 
was turning with low torque while 
taking up the lash in the рамів. 

No adjustment can be made to regu- 
late the length of time that the 
time delay relay should hold the 
resistor in circuit. Refer to 

Fig. 51 for circuit. 
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(2) IGNITION COILS 


There are two ignition 
coils, one for each spark plug, 
of the vibrator type, consisting 
of a primary and в secondary 
winding, They are mounted on the 
unit adjacent to the spark plugs, 
and are used in the starting op- 
eration to supply the plugs with 
high tension current for ignition 
in starting. Refer to Figs. 51 
for circuit. 


VIEW SHOWING IGNITION COILS 


FIG. 30 


1. MOUNTING TRUNNIONS 
7 AND BALL SUPPORT 
(Fig. 8, Section I) 


To mount the engine in the 
ship or nacelle, it is equipped 
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` switch, "Р", 


with two trunnions, one on each 
side, and a ball support at the 
front that 1s adjustable. The 

two trunnions at the "three and 
nine o'clock positions" are be- 
tween the rear of the compressor 
casing and the ring and tube as- 
sembly. The ball support can be 
attached either straight up in the 
"twelve o'clock position", or down 
in the "six o'clock position", de- 
pending upon which of the two pads 
provided on the accessories cas- 
ing &re used. 


і. ELECTRICAL SYSTEM 


Referring to the sche- 
matic diagram (Fig. 31) of the 
electrical system; when the main 
battery switch "D" is closed, 
current is supplied to the switch 
"L" for the boost fuel pump "J", 
Current is also furnished to the 
"test" position of the spark test 
When the switch "p" 
is in the test position, current 
is supplied to the coils "H" and 
the plugs "I" for testing only. 
After testing the operation of the 
ignition, the switch "Р" must be 
returned to the "run" position. 

At the same time that the switch 
"D" 1s closed, current is supplied 
to the solenoid "B" thereby opening 
the points "K". This current of 
solenoid "B", to complete its cir- 
cuit, reaches the ground-return by 
passing through the resistor "М" 

to the starting motor and the coils 
"H". This current flow ів not 
heavy enough to operate either the 
starter or the coll, but does соп- 
tinue to flow as long as the switch 
"D" із closed. Pushing in on the 
starting button switch "E", ener- 
gizes the coil "А", thereby closing 
the solenoid switch which completes 
the circuit to the starter through 
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the resistor "М", which limits the 
Starting current and turns the 
starter over gently to take up the 
lash in the clutch without shock. 
Approximately 3/4 of a second af- 
ter the closing of the contacts "А", 
the magnetiam in the solenoid "B" 
has dropped sufficiently to allow 
the spring to close the oontacta 
nen’ This closing of the contacts 
K" energizes the solenoid "С". 
Therefore, the resistor "М" is by- 
passed, and now full current is 
applied to the starting motor which 
will rapidly accelerate the rotor 
to ita starting speed in about 10 
to 15 seconds. When full potential 
1з supplied to the starter, it 18 
also connected to the coils "НУ, 
and hence to the plugs by way of 
the spark test switch "Р" being in 
the "run" position. Therefore, 
ignition is present immediately 
upon and during actuation of the 
starter "0", At approximately 1700 
Π.Ρ.Μ. ої the engine rotor, the 
centrifugally operatad cluteh dis- 
engages the starter automatically, 
and then it and the starter fuel 
pump are free from the rotor. Оп 
release of the push type starter 
switch "E", the coll "В" 1а re- 
energized, and the points "K" are 
separated, hence, full power is 
disconnected from the starter and 
the 699118. 
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k. LUBRICATION SYSTEM 


The J33 turbine engine 
із lubricated by а simple wet-sump 
system. The oil supply reservoir 
ів ап integral part of the acces- 
sories gear casing formed by the 
gear casing and the front bearing 
support casting, and has a maximum 
capacity of 14 quarts. The mini- 
mum supply 1s 6 quarts, and the 
desired level 1s 10 quarts, ав 
checked by the bayonet type of 
gauge on the left side of the ac- 
cessories casing. (Fig. 32). 


Lubricating o11 is de- 
livered to the necessary parts of 
the turbine engine by means of а 
two element pump at the front of 
the gear casing, in Спе"віх οἳ - 
clock position". One element of 
the pump is for pressure, and the 
other is to take cars of the аса- 
venging of the о11 in the system. 
From the bottom of the oil reservoir 
in tbe gear casing, а passage leads 
to в port at the lube pump mounting 
pad, which matches with the inlet 
port of the pressure lube pump. 

In thia passage, and directly be- 
low the iube pump in the front of 
the gear casing, is a magnetic 
plug. Lubricating oil passes from 
the pressure element of the pump. 
to an oil filter, and then through 
external lines or tubing to the 
four bearings and the two couplings 
of the turbine engine. Οἱ} seals 
are provided to prevent 011 leak- 
age past the front and the rear 
compressor bearings, and the rear 
turbine bearing. Unbalanced air 
pressures between the inside and 
the outside of the casings that 
contain the bearings, provide a 
further control of the oil leak- 
age. 011 is returned to the roe 
servolr by gravity and the sca- 
venge element of the pump. The 
front bearing and the quill shsft 
of the accessories drive, drain 
directly into the reservoir. The 
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011 from the othor three bearings, 
and from the rotor coupling, drain 
into a common drain sump from which 
it is picked up by the scavenge 
Slement of the pump, and returned 
to the accessories gear casing ro- 
servoir by an external tube, that 

, connects with an elbow at the 
front of the gear casing in the 
"eight o'clock position", just to 
the left of the generator mount- 
ing pad. 


All the gears and the 
anti-friction bearings in the ac- 
cessories gear casing are lubri- 
cated, by means of the splash 
system, emanating from the lube 
pump drive gear. This gear is 
located tn a special compartment 
under the oil supply level. 011 
is admitted to this compartment 
through an orifice, which controls 
the amount of oil that is used for 
.the lubrication of gears and bear- 
ings, ‘and prevents the oil in the . 
reservoir from being churned into. 
The design and location of 
the lube pump and its intake, are 
such that it is supplied with 011. 

- at а safe minimum level at any s 
reasonable attitude of dive or 
climb. 
tain inverted flight for short 24, 
` periods without appreciable loss | ` 
of pressure. Іп the direct in- 
. verted attitude the lube pump ¿` 
rans dry, but the splined gear 


operate without lubrication for 2 
short ος, ord he be κενο 


^ 1. FUEL SYSTEM a 


(1): COMPONENTS СО н 


It 1s possible to main-  - 


7 not produeing sufficient pressure 
‘couplings and the bearings will | - 


The booster pumps. 
Transfer valvas 
The fuel filter. 


The main fuel pump 4nd 
check valve. 


The starting fuel pump, 


check, and relief valve, 


The barometric. 


The governor. 


4 


The control valve 
(throttle and stop cock.) 


The drip valve. 


The fuel pressure trans- 
mitter.. 


қ . The fuel manifold and 
nozzles. 


(2) ACTION OF SYSTEM 


When the rotor is ac- 
‘tuated by the starting motor in 


. „the act of starting tne engine, 
. the main fuel pump is turning over 


slowly due to its speed reduction 
to the rotor and consequently, із 


to start the engine. During this. 
operation, the starting fuel pump, 


ve that 1s driven separately by the. 


starter gesr, assists the main fuel 
pump in building up fuel pressure 


| апа delivering it in sufficient rz 
. quantities to the nozzles for start- 


ing.the engine.' After the rotor 


ʻi < builds up to approximately 1700 


Reférring to Fig. 33, ЗА 
the fuel system consists ος the `: 
following elements: | ee " 

The airplane fuel балка. 
or supply. 


* 


| ! 
PRELIMINARY ` ЖКА uta 


' further increases of speed 


R.P.M. because.of the starter op- 
eration, the centrifugally operated 
clutch disengages the: starter, апа 


‘the main fuel pump takes over and 


delivers fuel to the nozzles for 
ant AT 
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this time, the check valve in the 
starting fuel outlet line, pre- 
vents fuel being forced back through 
the starting fuel pump, and as the 
starting fuel pump will still be 
functioning, the pressure relief 
valve set at 200 p.s.1. returns the 
output of the starting fuel pump to 
the inlet side again. Both the 
governor and the ‘barometric act as 

а by-pass, or pressure relief, of 
the main pump under certain oper- 
ating conditions, &s this pump has 
constant displacement characteris- 
tics. The governor by-passes fuel 
in sufficient quantities to prevent 
Over-speeding of the rotor; ог ex- 
ceeding 11,500 R.P.M., which 1s the 
maximum allowable. The barometric 
оу-раззез fuel in order tc maintain, 
for a given cock-pit setting of the 
throttle, a constant rotor speed 
regardless of altitude. By means 

of the throttle, the pilot can vary 
the speed of the rotor of his en- 
gine at will, by changing the a- . 
mount of fuel flow to the nozzles. 
The stop cock side of the control 
valve, connected to the pilot's 
quadrant, is used to completely 
shut off the fuel flow to tne n 
nozzles, thereby stopping the tur- 
"bine engine. A drain manifold and 
drain valve, which are connected -~ 
to the lower 7 combustion chambers, 
drain off any fuel accumulation in 
the air adapters when the engine ` 
їз shut down. Тһе drip valve, in . 
the lower section of the fuel mani- 
fold, also assists in preventing a. 
fuel accumulation on shutdown, and 
connected to it is the fuel ргез- 
sure transmitter. A detailed de- 

` geription of the component parts 
of the fuel system is given in the . 
preceding paragraphs of this вес» , 
tion. > - jus 


The fuel nozzle, is not 
‘considered an accessory, but is an 
important component of the fuel ` 
system and is described herewith 
(Fig. 22). 


“. 


t ! ^ ا‎ 
` 
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135 in a full open position. 
` the metering body, the fuel flows 


(5) ACTION OF FUEL 


NOZZLES 


A fuel nozzle, located 
in each of the fourteen air adapters. | 
(Fig. 34) is the means of introducing 
atomized fuel into the combustion 
chambers from the fuel manifold. They 
are positioned accurately in each air 
adapter by bottoming the body against 
the fuel passage. Located immediately - 
ahead of the fuel nozzle, is a filter- 
ing element through which all fuel - 
must pass before entering the nozzle. 


The fuel nozzle is 
composed of the body and the two 88” 
semblies: the metering valve assem- 
bly, and the spray tip assembly. 


4 The metering valve 
assembly consists of: the metering 
barrel, metering pin, lock ring, 
spring, and metering plug. 


The spray tip assem- 


bly consists of: the spray tip, and 


2 the director screw assembly. 


The nozzles are tested 


for spray pattern, and then tested in 


„gets of fourteen for equal fuel flow. 
-. Nozzles are serviced as COMPLETE SETS, 


of fourteen each, and none. should be 
separated from the set. Ἢ š 


Fuel pressure ex- 


erted against the spring-loaded me- 


tering pin, moves the pin according 
to.the pressure exerted, and thus 
meters the fuel as 1t enters the noz- 
21е. At 100 р.з.1. the metering pin 
From 


through tangential slots in the spray 
tip, and out through the orifice into 
the combustion chamber. The arc of 
spray from the orifice, at fuel ргез- 
sures below 125 p.s.1.,.18 approxi- 
mately 70 to 80 degrees, but at ΤῸΝ ' 
higher pressures the arc narrows and 


` the flow is extended farther into 


the combustion chamber. 
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S E С T І 0 
159 TURBINE 
DISMANTLING A ND 


INTO 


N 5 


ENGINE 


DISASSEMBLY 


(UNIT ASSEMBLIES AND SUB-ASSEMBLIES) 


1. GENERAL INSTRUCTIONS 


An important feature of the 
155 turbine engine which contri- 
butes greatly to ease of overhaul 
and maintenance, is its breakdown 
into four major assemblies. I 


Proper equipment should be 
available and made ready before ac- 
tual disassembly. Such equipment 
includes a chain hoist of at least 
one ton capacity, lifting slings 
for various parts, proper hand 
tools, and special tools, recep- 
tacles for parts, and an engine 
assembly stand. 


While handling parts of any 
aircraft engine, extreme care must 
be used to prevent damage. Even 
slight nicks, scratches or dents 
may easily be the cause of serious 
failure under service conditions. 
Any part so damaged must undergo 
rigid inspection before use, or be 
replaced. 


To guard against such dam- 
age, as well аз to save time and 
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prevent loss, suitable containers 
must be available in whicn to 
place small parts, nuts, bolts, 
etc., during the disassembly op- 
er&tion. 


Other important rules to 
observe during disassembly in- 
clude: i 


8. Dispose of all safety 
devices аз they are removed. 


b, Always use the proper 
tool and one that fits the job. 


(1) Sockets or box 
wrenches where possible and 
always of the proper зіге. 


(2) Screw drivers 
fit screw slots properly. 


(3) Special tools 
where special tools вге required, 


that 


с. Never use а hard hammer 
or hard drift for direct driving 
on metal - always use a hammer ог 
drift of soft material to prevent 
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J33 TURBINE ENGINE IN DISMANTLING STAND 
FIG. 1 
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damage to parts. 


Each major assembly 18 re- 
moved ag a unit and remains as 
such until disassembled individ- 
ually for inspection and repair. 


Аз previously stated, the 
engine із composed of four major 
assemblies, They are named below 
in the order of their disassembly 


EXHAUST UNIT ASSEMBLY 
TURBINE UNIT ASSEMBLY 
ACCESSORIES GEAR ASSEMBLY 
COMPRESSOR UNIT ASSEMBLY 


The EXHAUST UNIT ASSEMBLY 
is made up of the following sub- 
assemblies: The Outer Cone As- 
sembly, Inner Cone Assembly and 
Brace Assembly. 


The TURBINE UNIT ASSEMBLY 
consists of the following sub= | 
assemblies: The Air Adapter As- 
semblies, Turbine Wheel Assembly, 
Rear Bearing Support Assembly and 
the Ring and Tube Assembly. 


The ACCESSORIES GEAR AS- 
SEMBLY includes the following sub- 
assemblies: The Gear Casing Аз- 
sembly, Rotor Cage Assembly, and 
the Gear апа Shaft Assemblies, 
which furnish the drives for the 


accessories. . 


The COMPRESSOR UNIT AS- 
SEMBLY includes the following sub- 
assemblies: The Front and Rear 
Truss Rings, Front and Rear Im- 
peller Bearing Support Assemblies, 
Front and Rear Compressor Casings, 
Diffuser Assembly, Compressor 


PRELIMINARY 


Rotor Assembly, and the Fuel Man- 
4fold Assembly. 
The following procedure 


begins with the engine, either 
stalled on an engine dolly, or 


a shipping box. 
2, DISMANTLING OF ENGINE 


in- 
in 


SECURE ENGINE IN STAND - 
DRAIN OIL. 


я. 


Attach engine sling No. 
731,202 to lift rings No. 7 at the 
ring and tube mounting flange and 
compressor casing mounting flange. 


7 Place engine in stand Νο. 
751,168, and fasten securely at 
the trunnions and ball support. 
(Fig. 1) 


Remove the magnetic plug and 
drain the oil from engine sump. 


b. DISCONNECT LINES 


Disconnect and remove all 
outside lines, including check апа 
relief valves of fuel system. 


с. MARK FLANGES 


Mark the mounting flange 
of each accessory and housing 
before removal to aid in replacing 


9. REMOVE ACCESSORIES 


Remove following acces 
from Accessories Gear Casing ana 
place in suitable location, 


Generator, Starter Mal 
n 
Fuel Pump, Starting Fuel Pump 011 
Filter, Lube and Scavenge 011 Pum 
Governor, Tachometer Generator й 
» 
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Barometric, and Control Valve. 


68. REMOVE EXHAUST UNIT 
ASSEMBLY 


(1) With a wrench 
holding the clevises to keep 
from twisting the tie straps 
remove the fourteen (14) 3/8 > 
16 nuts from the clevises, апа 
the fourteen (14) 3/8"-16 x 1" 
long bolts from ring mounting 
flange. As the last bolts are 


removed, two men should hold the 


cone assembly, and place it on 
а table or other suitable loca- 
tion for inspection. (Fig. 2) 


REMOVAL OF EXHAUST UNIT ASSEMBLY 


FIG. 2 
f. INVERT STAND 
Invert stand so the 


turbine wheel ів at the top. 
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Б» LOOSEN FUEL MANIFOLD 


Unscrew the union nuts 
which attach the fuel manifold to 
air adapters. 


he REMOVE TURBINE UNIT 
' ASSEMBLY 


(1) Remove spacers and 
air adapters, Fig. З» 


(a) Remove the 
ten (10) 1/4"-28 x 1-3/4" long cap 
screws from each of the flanges 
of the fourteen (14) spacers. 


E (b) Tap spacers 
with pyralin hammer and pull them 
out, mtus 4 


(с) Pull down оп 
adapters; (do not let them hit the 
compressor casing), until they 
clear the piston rings, and remove 
them to a suitable location. 
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REMOVAL OF SPACERS AND AIR 
ADAPTERS 


FIG. 5 


(2) Disassembly of 
adapters, Fig. 4. 


(а) Remove 
spark plug assemblies from air 
adapters Nos. 7 and 14. The 
plug and its adapter remain as 
an assembly. 


(b) Remove the 
three (3) #10-24 x 5/8" long cap 
screws from each of the domes, 
and lift them from the adapters, 


(c) Remove 
nozzles апд place them in container. 
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(1) Cap Screw (7) Spring 

(2) Dome (8) Plug 

(3) Nozzle (9) Spark Plug Asay. 
(4) Gasket (10) Gasket 

(5) Adapter (11) Spacer 

(5) Filter (12) Gasket 


EXPLODED VIEW.OF 
AIR ADAPTERS AND SPACERS 


FIG, 4 


(Š) Attach sling No, 
251,257 to the ring flange, 


(4) 
Unit Assembly. 


Remove Turbine 


(a) Remove the 
twenty-six (26) 3/8"-24 nuts from 
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the rear mounting fla | 
rear truss wi. sh ы 


REMOVAL OF BOLTS FROM REAR 
MOUNTING FLANGE OF REAR TRUSS RING 


FIG. ^ 5 


(b) Remove the 
small brackets, which help tie 
the ring and tube assembly to the 
rear bearing support assembly. 
Each pair is secured with two 
(2) #10-32 x 19/32" long cap 
screws on the outer end, and by 
mounting flangé bolts on inner 
end. 


(ο) Remove oil 
line bracket from compressor 
mounting flange. The rest of the 
lines are taken off later. 
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(а) Lift Turbine 
Unit Assembly from Compressor 
Assembly, Fig. 6, and position 
the front end of the bearing sup- 
port, so that it can be placed 
on the stand No. 251,196. 
Secure with six bolts, Fig. 7. 
Remove the composition gasket 
from the flange of compressor 
casing. 


REMOVING TURBINE UNIT ASSEMBLY 
FIG, 6 
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TURBINE UNIT ASSEMBLY IN STAND 


FIG, 7 


(e) Remove the 
combustion chamber drain valve. 


(f) Remove the 
drip valve, Disconnect from the 
fuel manifold by unscrewing the 
two union nuts. 


i. REMOVE THE TWO IGNI- 
TION COILS. 


Coil and bracket are 
removed together, 
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1. ROTATE STAND. 


Place stand with 
engine in horizontal position, 


k. REMOVE ТТЕ, МАЛІ", 


Remove the seven (7; 
brackets which secure the fuei 
manifold to the compressor 
casing. Remove it carefully 2nd 
do not bend it out of shape, 
Place where it will not be dam- 
aged. 


1. REMOVE ACCESSORIES 
GEAR ASSEMBLY. 


(1) Attach one enc 
of sling No. 751,121 to diffuser 
Tlange and the other end to the 
accessories gear case. 


(2) With a hoist, 
Fig, 8, remove the assembly fro 
engine stand No. 251,168 and pl 
in stand No. 251,176. Attach 
securely to the diffuser flange, 
Fig. 9. 


BESTRIEÀETIIESD 


1. Trunnion 

2. Front Ball Support 

5. Engine Stand 

4. Lift Sling. 

5. Compressor Assembly 

6. Accessories Gear 
Assembly 


REMOVING COMPRESSOR UNIT AND AC- 
CESSORIES GEAR ASSEMBLIES FROM 
ENGINE STAND 


FIG. . 8 


PLACING COMPRESSOR UNIT AND AC- 
CESSORIES GEAR ASSEMBLIES IN 
COMPRESSOR UNIT STAND E 


FIG. “9 


(3) Turn stand until 
the Accessories Gear Assembly is 
at the top, and attach sling No. 
251,205 to the front side of gear 
case, зо 1% can be lifted evenly. 


- (4) Remove the cot- 


.ter pins and the twenty-six (26) 


bolts from the mounting flange. 
Separate the Accessories Gear 
Assembly from the Compressor Unit 
Assembly. There are thirteen (13) 
5/16"-24 x 2-3/4" long and thirteen 
(13) 5/16"-24 x 5-11/16" long bolts. 
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E BET FR 


. ACCESSORIES: GEAR ASSEMBLY SEP- 
ARATED FROM COMPRESSOR UNIT 
ASSEMBLY 


FIG, ."10 


й (5) With а hoist, 
pl&ce.Accessories Gear Assembly 
in stand Мо, 251,186 for dis- 


assembly. 
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ACCESSORIES GEAR ASSEMBLY AND 
STAND 


23 
5. DISASSEMBLY OF THE ASSEMBLIES 
Ths turbine engine has now 
been dismantled into its four 
major assemblies. Their disassem- 


bly will be done in the following 
order: 


THE ACCESSORIES GEAR 
ASSEMBLY 


THE COMPRESSOR UNIT 
ASSEMBLY 
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FIGURE І? 
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THE TURBINE UNIT 1 
ASSEMBLY 


THE EXHAUST UNIT —| 
ASSEMBLY 


8. ACCESSORIES GEAR 
ASSEMBLY 


Š (1) Remove bearing 
‚ retainer plate (3) and install 
Tool No. 251,215, locking gears 
in rotor cage assembly, and 
providing a lifting ring (1), 
Fig. 13. 


(2) Remove safety 
wire and nine (9) 5/8"-24 x 3- 
1/2" long cap screws, (2), and 
seven (7) 3/8"-24 x 1-1/2" long 
cap screws (4). These secure 
Rotor Cage Assembly in gear case 
housing. Using hoist, remove 
assembly and place in stand No. 
251,189. 


) Tool No. 751,215 

) Cap Screw 

) Locking Plate 

) Cap Screw 

) Accessories Gear Assembly 
) Rotor Cage Assembly 


15. 
(2 
(5 
(4 
(5 
(6 


REMOVAL OF ROTOR CAGE ASSEMBLY 


FIG. 15 


(5) Disassembly of 
the Rotor Cage Assembly. 


(а) Rotate 
stand placing starter gear shaft 
in vertical position. Remove the 
twenty-six (26) #6-32 x 5/8" 
machine screws (5) апа remove 
cover (2) from base of rotor cage 
22, Fig. 14. 
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(1) Rotor Cage Assembly 
(2) Screw | 
(3) Cover, Rotor Cage 
(4) Lube Pump Drive Gear 
(5) Rotor Cage Stand 


REMOVAL OF ROTOR CAGE ASSEMBLY 
COVER 


FIG. 14 


(b) Remove six 
(6) 1/4"-20 x 1" Tong cap screws 
(1) from starting gear bearing 
support (2) &nd remove starting 
gear assembly from rotor cage 
(5), Fig. 15. 


CAUTION: DO NOT LOSE COIL 


SPRINGS FROM CLUTCH HUB 
WHEN REMOVING ASSEMBLY. 
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1) Starter Gear 

2) Starter Gear Shaft 
3) Clutch Pawls 

4) Clutch Springs 

5) Rotor Cage 

6) Cap Screws 


REMOVING STARTER GEAR 
ASSEMBLY FROM ROTOR CAGE 


FIG, 15 


(с) Disassemble 
starting gear assembly (Fig. 16). 


ү With start- 
ing gear assembly on bench, re- 
move locking nut (12), and dis- 
assemble unit, using Tool No. 
Y51,179. 
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(1) Nozzle (7) Locking Plate 
(2) Shaft (8) Gear 
(3) Support (9) Spacer 
. (4) Cap Screw (10) Bearing 
(5) Housing (11) Locking Washer 
( 


(6) Beating 12) Locking Nut 
. STARTER GEAR ASSEMBLY Ἢ 


FIG. 16 
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(d) Remove start- 
ing fuel pump drive &ssembly, Fig. 
pi 


1. Loosen 
locking nut (12). Remove the four 
(4) 1/4"-20 x 5/8" cap screws (4) 
from the rear end of gear assembly 
which secure locking plate (7) 
and housing (5). Now remove the 
whole assembly from the rotor cage 
and disassemble, by first taking 
off locking nut (12) with Tool 
Мо, AD80,094, and remove washer 
(11) and the rest of assembly as 
shown in Fig. 17. 


RESTRICTED 


(e) Remove main 
fuel pump drive assembly, Fig. 18. 


1. Remove 
cotter pin (3) from shaft (2), 


2. Straighten 
locking washer (9) and with Tool 
Мо. AD80,094, remove nut (10). 

Push out shaft (2) and gear (4). 
Do not drop key (1). 


5. Remove 
the four (4) 1/4"-20 X 5/8" сар 
acrews (8), and remove the lock- 
ing plate (7), bearing (6) апа 
housing (5). 


NOTE: ASSEMBLY INCLUDING 
LOCKING PLATE (12), BEARING 
(15), OIL SEAL (14) AND 

HOUSING (15) ARE REMOVED BY 

TAKING OUT FOUR CAP SCREWS 
11), 


=| 

(1) Locking Nut (8) Bearing 
(2) Locking Washer(9) Shaft 
(3) Housing. (10) 011 Seal 
(4) Bearing (11) Cap Screw 
(5) Bearing Lock- (12) Housing 

ing Plate (13) Key 
(6) Spacer 
(7) Gear 


STARTING FUEL PUMP DRIVE ASSEMBLY 


FIG, 17 
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(1) Key (8) Cap Screw 
(2) Shaft (9) Locking Washer 
(3) Cotter Pin (10) Locking Nut 
(4) Gear (11) Cap Screw 
(5) Housing (12) Locking Plate 
(6) Bearing (13) Bearing 
(7) Locking Plate (14) O11 Seal 


(15) Housing 
MAIN FUEL PUMP DRIVE ASSEMBLY 
FIG. 18 
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(f) Remove Gov- 
ernor Drive Assembly, Fig. 19. 


i. Same 
procedure is followed аз in dia- 
assembly of main fuel pump drive 
assembly. 
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(1) Housing (8) Cap Screw 
(2) 011 Seal (9) Retaining 
(3) Bearing Plate 
(4) Locking (10) Bearing 
Plate (11) Housing 
(5) Cap Screw (12) Gear 
(6) Nut (13) Cotter Key 
(7) Loeking (14) Shaft 
Washer (15) Key 


GOVERNOR DRIVE ASSEMBLY 
FIG, 19 
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(Е) Remove Тасһ- 
ometer Drive Assembly, Fig. 20. 


2 Й Зате 
procedure is followed аз in dis- 
aasembly of main fuel pump drive 


assembly. 
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iy - 14 (в) Remove Gen- | 
erator Drive Gear Assembly, Fig. 2.. 
Qe. із і. The 
کچ‎ — 12 assembly front bearing housing (12. 
i | front ball bearing (12), bearing 
Cm Й. locking plate (11) and four (4) 
Ὁ Ὶ 1/4"=20 x 5/8" long cap screws 
a 9 (10) are assembled in gear сазе, 
= ° 2. traighten 
3— g locking washer (8) and with Too: 
eA 7 No. AD80,094 remove nut (9). 
Push shaft (2) out and make sure 
the gear or key (1) doesn't falc. 
—s 


3, Take out 
the four (4) cap screws (3) епа 
the bearing assembly can be re- 
moved, 


fum 3 
e 
1 اس‎ 
(1) Кеу (8) Locking Nut 
(2) Shaft (10) Cap Screw 
(3) Cotter Pin (11) Locking 
(4) Gear Plate 
(5) Hous ing (12) Bearing 
(6) Bearing (13) Housing 
(7) Retaining (14) Adapter 


Plate 
(8) Locking Washer 


TACHOMETER DRIVE ASSEMBLY 


FIG, 20 
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(1) Key (7) Locking Washer 
(2) Shaft (8) Locking Nut 
(3) Gear (9) Cap Screws 

(4) Housing (10) Locking 

(6) Bearing Plate 


(6) Retaining (11) Bearing 
Plate (12) Housing 


GENERATOR DRIVE GEAR ASSEMBLY 
FIG, 21 


(1) Remove the 
Lube Pump Drive Gear Assembly 
Fig. 22. 


1. Remove 
eight (8) #6-32 x 3/8" long screws 
(16) and lift off cover (17) from 
rear end of rotor cage (15), Re- 
move 011 deflector (6). It is 
secured with four (4) screws (4), 
Straighten locking washer (8) and 
with Tool No. AD80,094 remove the 
locking nut (7}. Push shaft (13) 
out. Do not drop drive gear (12) 


or key (14). 


NOTE: THE BEARING ASSEMBLY 
IS REMOVED BY FIRST TAKING 
OUT FOUR (4) CAP SCREWS (4) 
THEN PLATE (9), BEARING (10), 
AND HOUSING (11). IF THE 
HOUSING IS TIGHT, TAP OUT 
WITH A FIBER DRIFT, 
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(1) Housing 
(2) Bearing 
(3) Locking (10) 
` Plate (11) 
(4) Cap Screws (12) 
(5) Flat Washer (13) 
(6) Housing, 011 (14) 
: Deflector 
(7) Nut, Locking 
(8) Locking 
Washer. 


LUBE PUMP DRIVE GEAR 


FIG, 22 
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(9) Retaining 


Plate 
Bearing 
Housing 
Gear 
Shaft 
Key 


ASSEMBLY 


( 1) Ke6movea 


idler gear assombly, Fig. 


1, 
safety wire and four (4) 
screws (1) and take off с 
and locking plate (5). 


spanner wrench remove lot 
(3) amd push shaft (11) 
not drop any part of th 
Б 


n 


If the housing (7) is 


a 

n 
out with а fiber drift. Ke 

а 


are for the pinion (8) an 
(9). 


ovens 


л аон 


~ 
м 


Cap Screw 


Front Cover. 


Locking Nut 
Locking 
Washer 
Locking 
Plate 


— ي‎ м — 


RESTRICT E D 


(6) Bearing 
(7) Housing 
(8) Pinion 
(9) Gear 
(10) Bearing 
(11) Shaft 
(12) Keys 


LOWER IDLER GEAR ASSEMBLY 


PIG, 


25 


(k) Remove 
upper idler gear assembly, Fig. 
24. 


1. Remove 
four (4) сар screws (Т) апа lock- 
ing plate (4). With spanner wrench 
remove locking nut (2) and push 
shaft (11) out, holding pinion (7) 
and gear (8). Do not drop keys 
(10), 
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Remove 
g 25. 


(1) 
clutch assembly, Fi 
1. With 

spanner wrench remove locking 
nut (1) and push clutch assembly 
(15) out to front.  Hemove siz 
(6) screws (11), and take out 
housing (10), bearing (9), pinion 


eem, ——2 (B), and spacer (7). 


3 ux —! After 
ftem roe: clutch assembly is out, remove 

= springs, pawls, blocks, and pins, 
em ὲ Remove four (4) cap screws (3) 
= and take out locking plate (4), 


bearing (5) and housing (6). 


EX ο 


(ore -8 
ἯΙ 


(--!9 
(1) Сар 5сгет (6) Housing 
(2) Locking Nut (7) Pinion 
(3) Locking (8) Gear 
Washer (9) Bearing 
(4) Locking (10) Keys 
Plate (11) Shaft 


(5) Bearing 
UPPER IDLER GEAR ASSEMBLY 
FIG, 24 


PRELIMINARY 5-00 
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(1) Locking Nut (7) Spacer 

(2) Locking (8) Pinion 
Washer (9) Bearing 

(3) Cap Screw (10) Housing 

(4) Locking (11) Screw 
Plate (12) Key 

(5) Bearing (13) Cluteh 

(6) Housing Assembly 


CLUTCH ASSEMBLY 
FIG, 25 


be COMPRESSOR UNIT 
ASSEMBLY 


(1) Straighten lock- 
ing washers, (1) Fig. 27, on 
front and rear impeller shafts. 


(2) Loosen the front 
and rear screens where they are 
laced together; but do not remove. 


(3) Remove front truss 
ring and bearing support. 


(a) Remove safety 
wire from cap screws and remove 
screws (2) which hold the adjusting 
nut (3) to the housing on the front 
impeller shaft. (Fig. 27} 


(р) Install tool, 
No. 251,249 over the splined hub 
of the rear shaft and loosen the 
lock nuts (4) on the end of each 
impeller shaft with Tool No. 
AD80,112 (5). (Fig. 27) 
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COMPRESSOR BEARING SUPPORT ASSEMBLIES 
(WITH RELATED ROTOR PARTS) 
J33 GENERAL ELECTRIC TURBINE ENGINE LOCK oN 
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LOCK WASHER 
ADJUSTING NUT COMPRESSOR COUPLING HUB 


SLIDING RING JET ASSEMBLY У, 


BALL ; ΞΑΗ͂ΙΝΟ ROLLER BEARING—a, 
'r-DEFLECTOR OIL JET BRACKET ^ OLLER ARING 


SLEEVE DES DEFLECTOR, κ 


GIL JET BRACKET Оу. рн το 
JET SEMT Qai , м 


2 PLATE & 74; f; an E АА 7 PS RING 
SPACER ΄ UN Ж)” BEARING НАСЕ 

LOCK WASHER iy бен Є ГАЗИ м NAM BEARING HOUSING 
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FIGURE 26 
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(1) Locking Nut Wrench 
(2): Locking Nut | 

` (3) Locking Washer | 
(4) Front Impeller Shaft 
(5) Adjusting Nut. 

(6) Sliding Ring 


‚ ADJUSTING NUT IN FRONT ‘BEARING 
SUEFRI : ` 


FIG. 21 


(c) Place stand 
with rear enc of Impeller down, 
and place jack under the rear im- 
peller shaft, so it will just 
ο. impeller assembly. emove 

ont bearing retainer nut 
ana wa sha e. | 
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(4) Remove the 
Adjusting nut and “Sliding Ring 
Assembly with three (3) 5/16"- 
24 tee handle pullers. (Fig. 28) 


1) Puller 

2) Sliding Ring 

5) Adjuating Nut 

4) Shaft 

5) Front Bearing Support 


LO grt, amm, rm, 


REMOVAL OF ADJUSTING NUT AND SLIDING 
RING ASSEMBLY 


FIG, 28 
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(в) Remove front 
011 deflector (1) from the im- 
peller shaft (2). Fig. 29, 


(1) 011 Deflector 
(2) Impeller Shaft 
(3) Bearing Support 


1) Sling 

2) Bearing Support 
3) O11 Jet Nozzle 
4) Truss Ring 
5) 
6) 


— ұры, um, ur, ur, utm, 


Screen 
Diffuser 
FRONT OIL DEFLECTOR REMOVAL OF TRUSS RING AND BEARING 
SUPPORT 
FIG, 29 
I FIG. 30 


(f) Remove cotter 
keys from the 28, 5/8"-24 nuts, 
and remove nuts and washers from 
the studs at compressor and truss 
ring mounting flanges. Lift truss 
ring (1) and bearing support (3) 
from front compressor case (3). 
Fig. 50. 
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) Remove front (4) Remove Impeller, 


(g 
bearing Support that is held to 


t 
с doy truss ring with seven (a) Remove the 
screws SEX x 5/8" flat head retainer nut and washer from the 
) rear impeller shaft. Remove Tool 
(h) Мо. 251,249, Use Tool Мо. 251, 
Remove front 206 with short jaws and pull 
сот ; 
ргеззог case (Fig. 31). the coupling hub. Remove the rear 


impeller roller bearing and rear 
о11 deflector, 


(b) Install lift 
ring on the front impeller shaft, 
and lift the impeller assembly 
from the rear compressor case, 
Place in Stand No. 251,198 Pig, 52, 


(1) Screen 1) Lift Ring 

(2) Generator Cooling Air Tube 2) Front Shaft 

(3) Front Compressor Case (5) Impeller 

(4) Diffuser (4) Diffuser 

REMOVAL OF FRONT COMPRESSOR CASE REMOVAL OF IMPELLER ASSEMBLY 
FIG. 51 | ^ FIG. 32 
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(5) Remove rear 
compressor case. 


(а) Remove 
cotter keys from the twenty- 
elght (28) 5/8"-24 nuts, and 
remove nuts апа washers from 
the studs &t compressor апа 
truss ring mounting flanges. 
Lift truss ring and bearing 


support from the rear compressor 
case, 


(b) Remove rear 
bearing support that is held to 
the rear truss ring with seven 
(7) 5/16"-24 x 5/8" flat head 
screws, Remove rear compressor 
case, (Fig. 33) 


REMOVAL OF REAR TRUSS RING AND 
BEARING SUPPORT 


FIG. 55 
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RE ST HR 1 


0. TURBINE UNIT ASSEMBLY 


(1) Tarn stand until 
Turbine wheel is at the bottom 
and attach Sling No, 251,169 to 
the fixture 
flange з 
turbine 
34), 


Оп the ring mounting 
and place assembly tn 
stand No, 251,252 (Рід. 


TURBINE UNIT ASSEMBLY AND TURBINE 
STAND 


FIG. 54 
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TED 


fa) | Hemove the 
Jen Assombly. 


pont OIL 

(2) Place jack under 
игъ иө 

(5) With holding 
Пвчісе Ho. 291,947 installed over 


turbine shaft, loosen and remove 
the retainer nut with Tool No. 
AD80,1212. Use Tool No. 251,206 
with the long jaws, remove the 


coupling siecve. 


(4) Remove Adjuating 
Nut and Sliding King Assemoly with 
three (5) 5/16"-24 tee handle 
pullers. By use of jack, lower 
turbine until it rests on turbine 


stand, 


(5) Lift ring and 
tube and searing assemblies from 
oT? the turbine shart. Place back 
in Stand Ne, 851,196, 


CAUTTON: INSTALL PROTECTIVE 
SLEEVE £751,945 OVER TURBINE 
SHAFT BEFORE REMOVING RING 
AND TUPE ASSEMBLY, 


(6) Remove nut апа 
washer, spacer, bearing and oil 
deflector from shaft, 


(7) 
the rear end 
up. 


Invert stand until 
of bearing support is 


(8) Remove the seven 
(7) l/a"-28 x 3/4" long cap screws 
from the diffuser and remove 
diffuser from assembly. Remove 
the six (6) 410-32 x 7/16" long 
сар screws holding 041 8881 to 
the diffuser and remove 01] seal 
and gasket, 
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TURBINE BEARING SUPPORT ASSEMBLIES 
(WITH RELATED ROTOR PARTS) 
J33 GENERAL ELECTRIC TURBINE ENGINE 


OIL SEAL GASKET 


OIL SEAL ` 
REAR JET М 
е p BRACKET e 
| ] 
N ες 


ΒΗΑΟΚΕΤ 
FRONT JET ASSEMBLY 


SLIDING RING «ан ОК 
BALL BEARING a 
RETAINING NUT `. 


ADJUSTING NUT 


A 
L OIL DEFLECTOR 


| BEARING RETAINER RING 
ROLLER BEARING RACE 


) | ! ROLLER BEARING 
l | L spacer 


ü3121!HL1S3WM 


LOCK WASHER 
LOCK NUT 


BEARING SUPPORT 


LOCK NUT 


NcouPuc SLEEVE 


| XS- 
NSTRUSTION 
CHART 


FIGURE 35 


5/18"-24 x 5/8" cap screws from 


RESTRICTED 


(9) Remove the 

asbestos packing from around 
the Nozzle Diaphragm. 
scribe is helpful for this.) 
Remove the twenty-eight (28) 


(A bent 


Nozzle Diaphragm and lift out 


Diaphragm. 


(Fig. 36) 


REMOVAL OF NOZZLE DIAPHRAGM 


PRELIMINARY 


FIG, 56 


(10) Remove the four- 
teen (14) 5/16"-24 x 5/8" cap 
screws, from the mounting flange 
of the Turbine Bearing Support to 
Ring and Tube assembly. 


(11) Install two 117% 
rings, to ring mounting flange 
and hoist the Ring and Tubs Assem- 
bly from the Rear Bearing Sup- 
port. (Fige 37) 


REMOVAL OF RING AND TUBE ASSEMBLY 


FIG. 57 


=1 


“RESTRICTED 


(a) Remove thermo- 
couples from bearfng housing and 
withdraw leads from bearing support. 


(b) Remove shroud- 
ing from Rear Bearing Support, 
after removing fourteen (14) tie- 
Strap assemblies and cap screws. 


(ο) Remove Rear 
Bearing 011 Jet. 


(4) Remove the 
seven (7) 1/4"-287х 3/4" long сар 
screws from bearing housing and 
remove retaining ring. With 
three (3) tee handled pullers 
remove bearing housing and outer 
race from the Rear Bearing Sup- 
port. 


(12) Place Ring апа 
Tube Assembly on & bench with 
rear end up. Remove lift rings 
and turn the assembly over, with 
the front end up. 


(13) Remove the set 
screws at the rear, which hold 
flame tubes in the outer Tube 
Assembly. Cut the safety wire 
from Inner Crossover Tubes, and 
push them into the even numbered 
flame tubes, 2, 4, 6, etc. 


(14) With a pair of 
pliers, pull the odd numbered 
flame tubes from Outer Tube 
Assembly. 


(15) Remove the 
Inner Crossover Tubes from re- 
maining flame tubes and pull 
flame tubes from Outer Tube 
Assembly, (Fig. 38) 
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(1) Ring and Tube 
(2) Stand 
(3) Flame Tube 
REMOVAL OF FLAME TUBES 


FIG, 38 
d. EXHAUST UNIT ASSEMBLY. 
` NOTE: THIS UNIT WILL NOT 
BE DISASSEMBLED. 
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TURBINE BEARING SUPPORT ASSEMBLIES 
(WITH RELATED ROTOR PARTS) 


J33 GENERAL ELECTRIC TURBINE ENGINE 


OIL SEAL GASKET ~ 


OIL SEAL 
А 


BRACKET” 


FRONT JET ASSEMBLY LOL DEFLECTOR 


SLIDING RING 2. ü 

BALL BEARING ON зы 

RETAINING NUT ON Е S 

ADJUSTING TEN 5.2. ον 
Sh (HAS M 


і μμ. RETAINER RING 
ROLLER BEARING RACE 
L-ROL.ER BEARING 

| L suce 


COUPLING RING i L LOCK WASHER 


COUPLING KUB LOCK NUT 


BEARING SUPPORT 


cy 
k LOCKING PLATE 
k LOGK WASHER 


LOCK NUT 


NOUPUNG SLEEVE 


[ARS mu a 


FIGURE 35 
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aloe 1 S34 


а 


1. 
2. 


B U IL ре Р OF SUB-AS3EMBLTEFES 
A N D 
FINAL aSSEMBLY 
SUBJECT 


RESTHICTED 


INDEX T O SECTION 


ISS TURBINE ENGINE 


GENERAL INSTRUCTIONS 


BUILD-UP OF MAJOR ASSEMBLIES 


ACCESORIES GEAR ASSEMBLY 
COMPRESSOR UNIT ASSEMBLY 
TURBINE UNIT ASSEMBLY 
ASSEMBLY CF ENGINE 


INSTALLATION OF ACCESSORIES 
DRIVE UNIT 


INSTALLATION OF TURBINE UNIT ASSEMBLY 
INSTALLATION OF ACCESSORIES TO ENGINE 
INSTALLATION, OF OUTSIDE PIPING 
INSTALLATION OF ACCESSORIES PIPING 


INSTALLATION OF EXHAUST CONE 


PRELIMINARY 


4 


RESTRICTED 


и που (QW 
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BUILD-UP OF 


A 
FINAL 


The major assemblies 
of the J33 engine are built 
аз four separate and 
individual assemblies. 


They are, in the 
order of their build-up: 


Accessories Gear 
,Assembly. 

Compressor Unit 
Assembly. 

Turbine Unit Assembly 
"Exhaust Unit Assembly 


Reference to the sec- 
tion containing the Table of 
Limits 18 essential to 
1nsuro correct torque and 
clearances. 


BUILD-UP MAJOR 
ASSEMBLIES 


ACCESSORIES GEAR 
ASSEMBLY 


1. 


B. 


The component parts of 
the accessory drives are 
puilt into the rotor cage, 
and then installed as a unit 
into the gear casing. 


(1) Assemble 
rotor cage and gear train. 


PRELIMINARY 


NE ЕКО 


S U B-A S 
ND. 
AS SEMB 


SEMBLIES 


к: 


Place 


(а) 


rotor cage in stand No. 
251,189 and use the follow- 
ing procedure to assemble the 
gear truinde 


(Fir, 1) 


ROTOR CAGE IN STAND 


FIG. 1 
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T (b) Install Б. In- 
utch assembly. (Fig. 2) stell clutch assembly so bear~ 
ing (5) із seated in front >, 
1. Bu- housing (9). Place rear pears 2 


114 clutch assembly. 7 ing (5) over shaft and seat in " 


NE housing (6). Install rear 
. - bearing clamping plate (3) 
Stall bearing (5), key (11), and ism Eh tous (4 ; 


Pinion (8), and spacer (7) on - " 
clutch shaft (12). i: СРР η 


a. τη- 
2. Turn stall clutch shaft locking 
cage to vertical position. washer (2) and locking nut (1). 
б 5. Іп- бе метінің 
stall front bearing housing front bearing housing (9) with 
(зу, six (6) 10-24х5/8" fillister 


head screws. 
^ 4. I пе 
stall rear bearing housing (6). 


Ball Bearing 
Rear Bearing Housing 


(1) Locking d 

2 Locki Washer 

5 көде Clamping Plate (9) Front Bearing Housing 
(4) Cap Screw (10) Screw 

(5) (11) Key 

(6) 


(12) Clutch Assembly 


CLUTCH ASSEMBLY TO ROTOR CAGE 


FIG. 2 
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RESTRICTED 


starting gear ερ dis 
(Fig. 35 Е sembly. «05 — 2 
Gg — 3 
2.  Bulld 
Starting gear азвеніїу. ra 4 
B. Ine 


Stall rear bearing housin 8 
into bearing support (95,6, (9) 
insert bearing (3). Secure in 
place with lockt plate (7) 
and four 1/4-20x5/8" hex head 
cap screws (6), 


b. In- 
ΕΝ shaft (10) into bearing 


c. Ple 
ace starting gear (5), spacer 
(4), and bearing (5) on shaft, 
Secure with locking. washer (2) 
and locking nut (1). 


NOTE: GEAR IS INSTALLED 
WITH LONG HUB TO THE FRONT 


5. Ine 
stall stsrtlng gear assembly. 
а. Рі» 


азе starting gear assembly 
Ante the rotor cage, so that 
ratchet of starting gear 
engages with pawls of clutch 


assembly. 
h, Ssc- 
ure in place with six (6) 
1/2"-20x7/8" hex head cap 
screws and plain washers. 
(d) Assemble 
lower idler gear and pinion, 


(1) Locking Nut 
(2) Locking Washer 
(3) Ball Bearirg 
(4) Spacer 
(Fig. 4) (5) Starting Gear 
| (6) Cap Screw 
(7) 
(8) 
9) 
1% 
(11 


Locking Plate 
Bearing Housing 
Bearing Support 
) Starter Gear Shaft 
) Rotor Cage 


1. in- 
stall rear bearing housing 
(6) into rotor cage. 


о. Pl- 


ace bearing (5) on shaft 
(4) and push shaft through STARTING GEAR ASSEMBLY 
the rear bearing housing (6). TO ROTOR CAGE 

PIG. 3 


PRELIMINARY 


` 


RESTI 


5. Pl- 
ace the lower key (3) into 
position on shaft (4), 

Place both gear (7) and 

Pinion (8) in rotor cage and 
over shaft (4). Start soar 
(7) on to key (5). Install 
bearing (5) into housing (6), . 
and press gear (7) until its 
hub seats against the bear- 
ing. Install pinion key 

into slot on shaft (4) and 
key way of pinion (8). 


NOTE: GEAR IS PLACED ОМ 
SHAFT, WITH LONG HUB TO 
REAR. PINION IS PLACED ОП 
SHAFT, WITH LONG HUB TO 
FRONT. 


4. Install 
front bearing housing (10) into 
the rotor cage, and press bear- 
ing (5) into place over shaft 
(4). i 


5.  Instell 
locking washer (12) ond locking 
пис (15). 


б, Attach 
the locking plate (11) front 
cover (14) and bearing housing 
(10) to rotor cage, with four 
(4) 1/4"-20x3/4" hex head ca 
screws, μόν. 


Te р Secura 
the rear bearing housing and 
cover to the rotor cage with 
four (4) 1/4"-20x5/8" hex head 
cap screws (1) and plain 
washers (15). 


(e) Assemble 
upper idler gear and pinion. 
(Fig. 5) 


15а Install 


rear bearing housing (7) into 
rotor cage, апа secure with four 
(4) 1/4"-20x5/8" cap screws 

(6) and plain washers (12), 
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н 


Gap Screw 

Rear Shaft Cover 
Key Ў 
Shaft 


) 

) 

) 

) 

) Bearing MS 
) Rear Bearing Housing 
) Lower Idler Gear 

) Lower Idler Pinion 

) Rotor Cags 

0) Front Bearing. Housing 
1) Locking Plate 

2) Locking Washar 

15) Locking Nut 


( 
(2 
(3 
(4 
(5 
(6 
(7 
(в 
(8 
(1 
(1 
(1 
( 


‚ (14) Front Shaft Cover 


(15) Plain Washer ; 
LOWER IDLER GEAR AND PINION 
ASSEMBLY TO ROTOR CAGE 


FIG. 4 _ PRELIMINARY 


RESTRICT 


(2) 

(2) 

(3) 

(4) 

(5) 

(6) Cap Screw 

(7) Rear Bearing Housing 
8) Front Bearing Housing 
9) Bearing Locking Plate 
10) Locking Washer 

11) Locking Nut 

12) Cap Screw 

13) Plain Washer 


— w — Тала. Ты 


UPPER IDLER GEAR AND 
PINION ASSEMBLY 


FIG. 5 
PRELIMINARY 


FE D 

2. Place 
bearing (5) on shaft (3) and 
push shaft through the bear- 
ing housing (7). 


5. Place 
the tower key (4) into 
position on shaft (5). Start 
gear (1) оп tho key (4). Tn- 
stall Gearing (5) into housing 
(7), and press gear (1) until 
its hub seats against tno 
bearing. Install upper key 
3nto slot on shaft (3) and 
key way of pinion (2). 


NOTE: GEAR IS PLACED ON 
SHAFT, WITH LONG HUB TO 
REAR. PINION ЇЗ PLACED ОМ 
SHAFT, WITH LONG HUB TO 
FRONT. 


4 o In- 
stall front bearing housing 
(8) 1nto the rotor cage and 
press bearing (5) into place 
over shaft (3). 


5 9 τσι 
stall locking washer (10) 
and locking nut 721). 


8. attach 
thse locking plats (9) and beare 
ing housing (8) to rotor cuge 
with four (4) 1/4"-ZUx3/4" hex 
head сар screvs (G). 


(f) Install 
lube pump drive gear &ssembly. 
(Fig. 6) 


і. Place 
bearing housing (7) in rotor 
cage and install bearing (8). 


2. Hold 
lube pump drive gear Тпзідв 
of rotor cage and install shart 
(3) with key іп place, throuzh 
the bearing (8) апд gear (6), 


(1) Cap Screw 

(2) Rear Cover 

(3) Shaft 

(4) Key | 

(5) Cotter Pin 

(6) Gear 

(7) Bearing Housing 

(8) Bearing 

(9) Bearing Retaining Plate 

(10) Locking Washer 

(11) Locking Nut 

(12) 011 Deflector 

(13) Washer 

(14) Screw 
LUBE PUMP DRIVE GEAR 
ASSEMBLY 

FIG. 6 
4-6 


RESTRICTED 


--іг 
= — 
чо 

2-99 


NOTE: LONG HUB OF GEAR 
ІЗ PLACED TO FRONT 


3. Install 
locking washer (10) and locking 
nut (11). 


4. Place 
bearing retaining plate (9) 
and deflector (12) over shaft 
(3), and secure with four (4) 
1/4"-20х5/8" hex head cap 
acrews (1), and plain washers 
(15). 


5. Place 
cover (2) over opening in rear 
of rotor cage. Secure with 
eight (8) Νο. 6-32x3/8" screws 
(14). Lock with wire. 


, (g) Install 
tachometer generator drive 
assembly. Fig. 7) 


1. Іп- 
stall rear bearing housing 
(6) into rotor cage and ΄ 
install bearing (7). 


2 . Іп- 
sert key (1) into shaft (2) 
and install gear (4). Place 
shaft into bearing (7) until 
it seats properly. Install 
locking washer (9) and locking 
nut, (10). 


NOTE: PLACE LONG HUB OF 
GEAR TO THE FRONT 


De In- 
stall bearing retaining plate 
(8) &nd secure with four 


` (4) 1/4"-20х5/8" cap screws 


(11). 


4 . In- 


sert accessory drive adapter 


(12) into shaft and hold with 
cotter pin. 
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1) Key 

2) Shaft 

3) Cotter Pin 

4) Gear 

5) Rotor Cage 

(6) Bearing Housing 

7) Bearing 
8) Bearing Retaining Plate 
9) Locking Washer ы; 
10) Locking Nut 

(11) Cap Screw 

(19) Drive Adapter 


TACHOMETER GENERATOR 
DRIVE ASSEMBLY 


FIG. F 
PRELIMINARY. 


(п) Install 
main fuel pump drive assembly. 


(Fig. 8) 


Le In- 
stall accessory rear bearing 
housing (5) into cage and in- 
stall beuring (6). 


2. „Insert 
key (2) into shaft (1) and 
install gear (4). Place shaft 
into bearing (6) until it seats 
properly. Install locking 
washer (9) and locking nut (10). 


NOTE: INSTALL GEaR WITH 
LONG HUB TO THE FRONT 


5. Install 
bearing retaining plute (7), 
and secure with four (1) 
1/4"-20x5/8" cap screws (В). 


(1) Install 
governor drive us3sembly. 


(Fig. 9) 


1. Install 
rear bearing housing (5) into 
rotor case, and install bearing 


(7). | 


| 2. Insert 
key (2) into shaft (17 und 
install geur (4). Place shaft 
into beuring (7) until it 

Seats properly. Install locking 
Weri i (10) and lockins nut 


NOTE: PLACE LONG HUB OF 
GEAR TO PRONT 


5. Install 


— 


"bearing retaining pla e (8) 


and secure with four (4) А 
1/4"-20x5/8" сир screws (9), 


(1) Shaft 
(2) Key 
(5) Cotter Pin 
τ Gear 
Веагі Housi 
(6) Baaring Y: С | 
(7) Bearing Retaining Plate 
(8) ‘Cap Screw 
(9) Locking Washer. 
(10) Locking Nut 
MAIN FUEL PUMP DRIVE ASSEMBLY | ا کڪ‎ 
FIG. 8 st pipes . ;--2 
(1) Install | 
starting fuel pump drive (2) Shaft 
assembly. (Fig. 10) 2) Key 
(3) Cotter Pin 
1, Install (4) Gear 
ассеззогу bearing housing (3) . (5) Rotor Cage 
and bearing (4) into rotor cage. (6) Bearing Housing 
Secure with bearing retaining (7) Ball Bearing 
plate (5), four (4) ; (8) Bearing Retaining Plate 
1/4"-20x5/8" hex head cap (9) Cap Screw 
screws, (10) Looking Washer . 
(11) Locking Nut 
8. Install 
front bearing (9) on shaft GOVERNOR DRIVE ASSEMBLY 
assembly (10), place key (11) кес 


into key way оп shaft апа FIG 9 
install drive gear (8) and : ) 
зрасег (7). 


| 
4-8 | "PRELIMINARY 


4 a 


(1 
(2 
AS 
(4 
(5 
(6 
(7 
(8 
(9 
(1 
(1 


STARTING FUEL PUMP. 
DRIVE ASSEMBLY ` 


Ж FIG. 


PRELIMINARY ` 


RESTR IO 


Locking Nut 


Bearing Retaining Plate 


) 

) Locking Washer 
). Bearing Housing 
) Bearing 

) 

) Cap Screw 

) Spacer 

) Gear |... 

) Bearing 

О) Shaft 

1) Key 


-10 


Т 


Е р 
NOTE: PLACE LONG HUB OF 
GEAR TO THE REAR. 


3. Install 
shaft, with gear assembled, 


into bearing (4) in rotor 
cage. Secure with locking 
washer (2) and locking nut 


(1). 


(k) Install 
generator drive assembly. 


: 1. Install 
rear bearing housing (5) into 
rotor cage, and install bear- 
ing (6). 


2. Insert 
key (2) into shaft (1) and 


- install gear (4). Place shaft 


into bearing (6) until it 
seats properly. Install lock- 
us washer (9) and locking nut 
10), 


NOTE: PLACE LONG HUB OF 
GEAR TO FRONT. 


5. Install 
bearing retaining plate (7) and 
Secure with four (4) 1/4"-20x5/g" 
long cap screws (8).. 


. (1) Install 
rotor cage, lifting ring and 
gear locking device No. 25125 
to lock clutch pinion. 


(m) Tighten 
all locking nuts and safety 
with locking washers. 


(п) Install 


‘oll reservoir cover plate on 


bottom of rotor cage and 
secure with twenty-six (26) 
Νο. 6-52х3/8" flat head 
screws, lock by staking of 


. metal into screw slots. 


10 


> y у 

| Cotter Pin Тү с 
Gear .. р CHR 

Bearing Housing Me SAU 


) 
) 
) 
) 
) Bearing 
) 
0 


GENERATOR DRIVE ASSEMBLY 
FIG, 11 


p= 


eie 
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Bearing Retaining Plate. 

Cap Screw š 
- Locking Washer 
) Locking Nut 


.. 


RESTRIOTED 


(Pig. 12). 


(2) Place gear 
casing on overhaul stand 
No. 251,186 with flange side 
upe 

(3) Install o11 
seals and bearings. 
(IF REMOVED) 


NOTE: THE STARTER DRIVE 
SHAFT AND STARTING FUEL 
PUMP DRIVE SHAFT OIL SEALS 
ARE INSTALLED WITH THE 

LIPS FACIN FRONT WHILE THE 
OTHER TWO FACE REAR SO THAT 
SUFFICIENT LUBRICATION IS 
PROVIDED TO KEEP THE SEALS 
FROM BURNING. 


й (a) Install 
МЭТРА pump mL А 
housing and -oil seal (2). 


© Secure with four (4) 


1/4"-20x1/2" hex head cap 
Screws and prain washers. 


(b) Install о11 


БЕКТЕР bearing Into bearing 
-housings for governor (5) and 


main fuel pump (4). Secure with | 
four (4) 1/4"=20x5/8" hex head 


cap screws. 


(а) Install bear- 


% Э ЕЕ and bearing for lube 
Ss ing plate with four (4) 
ον 1/4"-20x5/8" hex head cap screws 
Ж OO prain washers, X 


Attach bearing retain- 


З s 


в (a) Install 


si E α seal and bearing housing 


for tachometer generator (6) and 
generator (5). Attach bearing | 
retaining plate with four (4) 


πο) 8" hex head cap Screws, 


RESTRICTED 


(e) Install 
011 seal and starter gear bear- 
ing housing. Seoure with six 
(6) No. 10-24х5/8" rillister 
head sorews, 


(4) Install rotor 


cage. 


INSTALLATION OF OIL SEALS 
AND BEARINGS IN GEAR 
CASING 


FIG. 12 


(а) Install 
rotor cage assembly (1) in the 
gear casing and secure with 
nine (9) cap screws (3) and 
nine (9) 5/16" plain washers; 
also, seven (7) 5/16"-24x4 1/8" 
hex head cap screws (5) and 
5/16" plain washers (4). 


(b) Turn 
gears to see if all are free. 


(5) Install ball 
support to lower mounting 
рай and place cover on upper 
mounting pad at final assembly. 


PRELIMINARY 


(1) Rotor cage 

(2) Accessories Gear Casing 
(3) Cap Screw 

(4) Washer 

(5) Cap Screw 


INSTALL ROTOR CAGE 


FIG. 15 


b. COMPRESSOR UNIT 
АЗЗЕМВІХ 


(1) Assemble 
rear compressor bearing 
support, (Fig. 14) 


(a) Place 
compressor rear bearing 
support (6) on work bench, 
with rear surface up, and 
insert bearing housing. 


(b) Install 
the outer race of roller 
bearing (7) into bearing 
housing. Attach the retain- 
ing ring (8), o11 jet 
bracket (10). Secure with 
one No. 10-32x3/8" fillister 
head sorew (11) and seven 
(7) 1/4"-98х5/4" cap 
screws (1). 
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(1) Gap Screw 

(2) Washer 

(5) Guide~Vane Assembly 

(4) 011 Seal 

(5) Gasket 

(6) Rear Bearing Support 
(7) Outer Race 

(8) Retaining Ring 

(9) O41 Jet Nozzle 

(10) 011 Jet Bracket 

(11) Fillister Head Sorew 


REAR BEARING SUPPORT 
ASSEMBLY 


FIG. 14 


NOTE: MAKE SURE THAT 
BRACKET IS IN POSITION 
TO RECHIVE OIL JET. 


(0) Install 
oil jet (9). 7 


(4) Turn 
unit over so rear surface 
is downward and inatall 
gasket (δ), οἱ] seal (4), 
and guide-vane assembly 
(3). Secure to support 
with six (6) No. 10-32x5/8" 
fillister head sorews and 
washers at seal. Also 
fourteen (14) No. 10-32x3/8" 
screws at outer edge of - 
support. 


(2) Install rear 
truss ring to rear compressor 
bearing support assembly. 
(Fig. 15) 


(a) Place rear 
truss ring, with Targo diameter 
downward, on wo:k bench. Іп" 
stall rear bearing support on 
truas ring and seoure with 
seven (7) 1/A4"-28x7/8" flat 
head sorews, 


NOTE: ZEROS ON TRUSS RING 
AND BEARING SUPPORT MUST 
BE MATCHED, SCREWS MUST 
BE FLUSH OR BELOW SURFACE. 


(3) Install guide 
blade assembly to compressor 
casing. (Fig. 16) 


(а) Install 
rear guide blade assembly (4) 
to rear side of compressor 
easing, with fourteen (14) 
1/4"-i8x1/2" hex head сар 
ТШ (2) and plain washers 
* 


^ 


PRELIMINARY 
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.(1) Bearing Support Assembly 
(2) Truss Ring `` 
(5) Screw ‚ 


REAR TRUSS RING TO BEARING 
SUPPORT 


FIG. 15 


(b) Place 
screen (5) over guide blades 


(4). 


NOTE: DO NOT LACE TIGHTLY 


UNTIL AFTER PLACING 
COMPRESSOR CASING ON TRUSS 


RING. 


PRELIMINARY 


Rear Compressor Casing 
‚бар Screw. 

Washer 

Quide Blade assembly 
Screen 


aga, aps, a), tuin, міт 
Сл i СЯ ВО 5, 
pun 


REAR COMPRESSOR ASSEMBLY 


FIG, 16 


(4) Install 
rear compressor assembly to 
diffuser assembly. 

(Fig. 17) 


(а) Install 
diffuser (1) іп plane in 
stand $251,211. 


(0) Install 
compressor casi and guide 
blades assembly (2) into 
position on diffuser. 


RESTRICTED 


(1) Diffuser 

(2) Rear Compressor Casing 
Assembly 

(3) Truss Ring and Bearing 
Support Assembly 

(4) Nut 

(5) Washer 


INSTALL REAR COMPRESSOR 
ASSEMBLY 


FIG. 17 


f (с) Install 
rear compressor bearing 
assembly and truss ring (3) 
on dirfuser (1). 
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NOTE: LOCATE REAR BRARING 
SUPPORT AND TRUSS RING 

(3) 30 THAT LIPTING BOSS 

ON DIFFUSER IS APPROXIMATELY 
EIGHT (8) DEGREES CLOCKWISE 
FROM THE OIL BOSS, ON REAR 
BEARING SUPPORT ASSEMBLY. 


(4) Secure diffuser 
(1) assembly бо compressor casing 
and truss ring (2) with nineteen 
(19) 3/8" conical washers (5) 
and nineteen (19) 3/e"-24 self- 
locking nuts (4). Tighten to 
specifications. 4 


(5) Install trunnions, 
using the four front trunnion 
bolts and washers. : 


(6) Turn stand so 
that rear bearing support and 
truss ring (7) are down. 

(Fig 18) 


(7) Install the 
impeller (8) with front 
sheft and rear shaft attached, 


into the rear compressor bear- 
ing support (9). (Рід, 18) 


CAUTION: WHEN LOWERING THE 
IMPELLER INTO THE UNIT, BE 
CAREFUL NOT TO DAMAGE THE 
REAR OIL SEAL. 


NCTE: LEAVE IMPELLER 
SUPPORTED BY HOIST. 


(8) Install rear 
bearing assembly. (Fig 18) 


(a) Install 
οἱ] deflector (5) on rear 
shaft, lining up its zero mark 
with the zero mark on stud 
holding the rear shaft to the 
impeller. Install roller 
bearing (4), lining up zero, 
then add hub (3) aligning its 
zero and lock in place with 
locking washer (2) and lock 
nut (1). 

PRELIMINARY 


5 |S 
(1) Locking Nut 
(2) Locking Washer 
(3) Coupling Hub 
(4) Roller Bearing 
(5) 011 Deflector 
(6) Diffuser 
(7) Rear Truss Ring 
(8) Impeller 
(9) Rear Compressor Bearing 
Support 
INSTALLATION OF IMPELLER 
FIG. 18 
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(9) Asnembio front 
bearing support assembly. 
(Fig. 19) 


(а) Place front 
bearing support (4) on work 
benoh with large дівмеїог omme 
ward. 


(b) Install 011 
8681 gasket (6), 011 zoal (5) and 
guide vane assembly (3). Secure 
to support with six (5) Ис. 20-52 
x 6/8" fillister head scrows (1) and 
washers (2) at seal. Also fourteen 
(14) чо. 10-32 x 3/8" screwa at 
outer edge of support. 


NOTE: RAM AIR PASSES FROM THE 
PLENUM ΠΑΜΒΒῊ OF THE AIRPLANE 
INTO THE AREA BETWEEN THE 
BEARING SUPPORT AND THE GUIDE 
VANE THEN THROUGH THE SEAL ТО 
HELP PREVENT THE LOSS OF OTL. 
THIS MAKES IT N©CESSARY THAT 
THESE PARTS ARE HANDLED AND 
INST, LLED WITH CARE, 


(10) Insteli 
support assembly to trussg 


- ring. (Fig. 20) 


(а) Install 
support so the oil boss is 
&pproximateiy 22 degrees 
clockwise from tbe lifting 
boss on the diffuser. 

Secure the support to truss 
ring with seven (7) 1/4"- 
28x7/8" flat head screws. 


NOTE: ALIGN THE ZEROS ON 
TRUSS RING AND COMPRESSOR 
CASING. THE SCREW HEADS 
MUST Bš FLUSH OR BELOW THE 
SURFACE. 
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(1) Fillister Head Screw `` 
(2) Washer 

(3} Guide Vane š 

(4) Front Bearing Support 
(5) 011 Seal 

(6) Gasket 


ASSEMBLE FRONT BEARING 
SUPPORT ASSEMBLY 


FIG. 19 


(11) Assemble 
and install front compressor 
casing and guide blade 
assemblies. (Fig. 21) 


(a) Install 
front guide blade assembly (4) 
to front half of compressor 
casing (1). Secure with 
fourteen (14) 1/4"-28x1/2" сар 
screws (2) and plain washers 
(3). Place screen (6) over 
guide blades, but do not lace 
tightly until after assembly 
on complete unit, 


INSTALL BEARING SUPPORT 
ASSEMBLY TO TRUSS RING 


FIG. 20 


(b) Install 
the compressor casing and guide 
blade assembly (1) over the 
front shaft of impeller and 
onto diffuser (2). Locate 
by placing the generator aire 
cooling tube, approximately 39 
degrees counter-clockwise from 
the lifting boss on the diffuser 
section. Fig. 22) 2 


(12) Install front 
truss ring and bearing support. 
(Fig. 22) 
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NOTE:  BROINNIÍNO WS TH 71 

IN LING WITH DIFFUSER — 
MOUNTING BOSS AND WORKING 
COUNTER-CLOCKHISE FROM 
FRONT, DO HOT INSTALL | 
NUTS ON FOLLONINO STU Bae 
#1, #5, 9, 2, ij» 

#17, 021, 025, 026, #27 
THESE ARE LEFT POR FUTURE 
INSTALLATION OF FUEL — _ 
MANIFOLD AND COIL ASSEHDLIES. 
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(23) Install front 
bearing assembly. (Fig. 22) 


(a) Instali 
011 deflector (7) over front 
sheft, aligning zeros on cach, 
With bearing (8) installed in 
sliding ring cose (9), insteli 
the assembly over shaft, and 
seat eguinsi oil deriector, 
aligning the zeros. 


(b) Instali 
зресаг (12) олу onart, and 
look with ween: and nut. 


Са) Screw 
tha adjusting τος (10) onto 
tha sliding case. and 
continue to tignten until 


1 C r Cssin 

(2) Cap Sorew 4 5 the impelier movaa 

(5) Washer ' Slightiy away frou the raar 

(4) Guide Blade Assembly compressor case, 

(5) Gener&tor Cooling Tube 

(6) Sereen (14) Locate 

(7) Grommet impeller, (Fig. 25) 
ASSEMBLE FRONT COMPRESSOR (а) Ine 
CASING Stall the impollor indicator 


bracket to tho- front bearing 
FIO. 21 support, Attach to the 
bracket, an indicator with 
а range of 0.250", graduatad 
"бо а reading of 0.001". 


Adjust the contact point to 


front truas 5786 (4) and rest on the front shaft of 
washers (5) and 3/8%.24 self- the impeller. (Fig. 23) 


locking nuts. 


(a) Install 


PRELIMINARY 4217 
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із D Ж. (1) Compressor Casing 
5 ERE Assembly 
Ie т, (2) Dirlfuser 
Π------Ἡ % (5) Roar Compressor 
m J Assembly 
Ό----.. QAM es (4) Front Truas Ring and 


- ум" 


Bearing Support 


(5) Washer 

(6) Nut 

(7) 011 Deflector 

(9) Ball Bearing 

9) Sliding Ring Case 
(10) Adjusting Nut 
(11) Cap Screw 

(12) Spacer 

(15) Locking Washer 
(14) Locking Mut 


ASSEMBLY OF FRONT 
COMPRESSOR ASSEMELIES 
TO DIFFUSER 


FIG. 22 


(b) Turn 
the impeller slowly and turn 
the sliding rir; clockwise, 
to permit the impeller to 
rub lightly, the rear 
compressor casing. 


(с) Set the 
indicator to zero. Turn 
sliding ring clockwise until 
the impeller has moved toward, 
and slightly rubs, the front 
compressor casing. 


(4) Check the 
indicator and record the гева- 
ing. This 1з the completes 
travel of the impeller. Divide 
the reading. Turn the gliding 
ring counter-clockwise to 
provide clearance, and using 
four cap screws, lower the 
impeller to в position equal to 
one-half the total indicator 
reading. (Check Specifications ) 
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LOCATION OF IMPELLER 
FIG. 23 


S (e) Remove the 
four cap screws. Tighten 
the adjusting nut to hold the 
impeller in position, апа” 
secure the adjusting nut to 
the front bearing su port with 
seven (7) 1/4%-28х5/8 hex 
head cap screws (5) and lock 
plate (4). (Fig. 24) 


CAUTION: DO NOT OMIT LOCK 
PLATE AS DAMAGE WILL 
RESULT TO UNIT, WHEN 
OPERATED WITHOUT IT. 


қ (С) Install 
the front bearing 011 jet (1) 
and bracket (2). Secure with 
one No. 10-32x1/4" fillister 
head screw (3). 1 


(g) Check to 
see impeller turns freely. 


c. TURBINE UNIT 
ASSEMBLY 


The Turbine Unit Assembly ia 
made up of three minor sub- 
assemblies: 


The Turbine Bearing Support 
Assembly. 

The Ring and Tube Assembly. 
The Turbine Rotor Assembly. 


PRELIMINARY 


(1) 011 Jet 

(2) 041 Jet Вгескої 
(3) Fillister Screw 
(4) Lock Plato 

(5) Cap Screw 

(6) Adjusting Nut 


INSTALLATION ОР OIL JET AND 
BEARING ТОСКХМ: PLATE 


FIG, e 


(1) Build Turbine 
Bearing Support Assembly. 
(Fig. 25) 


(а) Place 
the bearing support (2) on 
ci and install oil jot 

5). 


(b) Install 
thermocouple leads (4) into 
rear bearing housing (8). 


(9) Install 

rear bearing outer race (6) 
in turbine bearing housing 
(8) and instali both in bear- 
ing support. Attach retainer 
ring (7) and secure with seven 
(7) 1/4%-28х5/4" hex head сар 
screws (1). 

{ 
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Cap Screw 

Bearing Support 
011 Jet 
Thermocouple Leads 
Jet Bracket 
Bearing Outer Race 
Retainer Ring 
Bearing Housing 
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ASSEMBLY OF REAR BEARING 
HOUSING TO BEARING SUPPORT 


РІО. 25 
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(а) Install 
one (1) 1/4"-28х1 5/8" hex 
head cap screw (1) and rear 
jet bracket (5). 


(e) Install 
gasket (2) and scavenge tube 
assembly (1). Secure with 
four (4) 1/4"-28x3/4" hex 
head cap screws (5) und plain 
washers (4). (Fig. 26) 


(1) Scavenze Tube 

(2) Gusket 

(5) Cap Screws 

(4) Plain Washer 

(5) Hear Вевсіоо 011 Tube 
(8) Tie Rod 

(7) Glevis Pir 

(8) Cotter Fin 

(9) Clovis Bushing 


INSTALL GIL TUBE ASSEMBLIES 


FIG. 26 


(f) Install 
rear bearing 011 tube assembly 


(5) in the tapped hole, 


opposite the scavenge tube. 
Attach all lines temporarily to 
determine the proper position 
of elbows. ў 


(g) Install 
each, of the fourteen tie rods 
(6) to a clevis bushing (9) 
and secure with clevis pin and 
cotter pins. 
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(1) Bearing Support 
Assembly. 

(2) Front Shroud 

(5) Rear Shroud 

(4) Tie Strap and £1evi5 
Assembly. 

(5) Fillister Screw 

(6) Tie Rods 


INSTALL SHROUDS 
FIO. 27 


NOTE: SCREW EACH CLEYIS 
ON TO TIE ROD UNTIL THE 
FLAT SIDE OP THE STRAP ІЗ 
IN A PERPENDICULAR PLANE 
WITH THE CENTER LINE OF 
THE SUPPORT, AND ІМАУЕ 
APPROXIMATELY 2 THREADS 
SHOWING ON THE TIE RODS. 


(п) Tighten 
the rear bearing 011 tube, 
aligning it in proper position 
for assembly to the οἱ] pipe. 


(1) With bear- 
ing support reating on the 
large end, install the front 
shroud (2), guiding tne tle 
rods (6) through the holes in 
shroud. (Fig. 27) 


(1) Install 
the rear shroud (о) over 
support and align the screw 
holes with those in the front 
shroud, Temporarily, secure 
with four (4) No. 10-32х5/8" 
fillister head screws, 

(Fig. 27) 


(К) assemble 
the fourteen (14) tie-strap 


and clevis assemblies (4) to 
the tie rods (6). (Ріс. 27) 


(1) Install 
the remaining No. 10-52х1/2" 
fillister head screws to 
secure the shrouds to the 
support, 
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(2) Build Rin 
and Tube Assembly. (Fig. 28 ) 


(a) Place 
the ring and tube assembly 


on table with small diameter 
downward. 


(b) Install 
the even-numbered inner 


liners (5) into the 
correspondingly numbered 
outer chambers, Secure with 
lock washer (7) and special 
dowel screw (5). - 


(c) Working 
rough the odd-numbered 
outer chambers, install the 
cross-over tubes (6), pushing 
them down into the even- 
numbered flame tubes. 


(d) Install 
the odd-numbered Тппег liners 


(5) into position and lock in 


Place with lock washer (7) 
and screw (3). Push the 
cross-over tubes into position 
and secure to clip in odd- 
numbered flame tubes, with 

Ni chrome lock wire. 


(e) Install. 
the piston rings ТВ) into 
grooves on the front of the 
outer chambers. 


(f) Turn the 


ring and tube assembly over with 


the large diameter downward, 


(g) Install 
the diaphragm assembly (4) 
into the recess in the ring and 
tube assembly. Secure with 
twenty-eight (28) spəcial 
5/16"-24х5/8" long cap screws 
(2), using antisize compound, 


(h) Pack the 


space around the S Rp ys я 
with asbestos packing (9). 
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NOTE: FILL TO ABOUT 1/32" 
FROM THE OUTER EDGE OF 
DIAPHRAGM. (USE TAMPING 
TOOL #AD80097) 


Ring and Tube Assembly 
Cap Screw 

Dowel Screw : 

Nozzle Diaphragm 
Inner Liner 

Crossover Tube 

Lock Washer 

Piston Ring 

Asbestos Packing 


“ASSEMBLE RING AND TUBE ` 


ASSEMBLY 


FIG. 28 
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(1) Turbine Bearing Support 
Assembly. 

(2) Air Baffle and Screen 
Assembly. 

(3) Turbine Diffuser screen 

(4) Cap Serew 

(5) O11 Seal 

(6) 011 Seal ^asket 

(7) Diffuser 

(B) Ring and Tube Assenbiy 


INSTALLATION OF RING AND 
TUBE ASSEMBLY 


FIG. 29 


(5) Installation 
of Ring and Tube Assembly to 
Turbine Bearing Support 
Assembly. (Fig. 29) 


(а) Install 
air baffle (2) into position 
on bearing support. Lower 
ring and tube assembly (8) 
over bearing support (1). 
Locate by having oll inlet 
between combustion chanter 1 
and 2. Secure rin; апа tube 
assembly and air baffle to 
bearing support with fourteen 
(14) сар зсгета 5/16"-24x5/8" 
long. 


(b) Install 
011 seal (5) with дазкес (6) 
to turbine diffuser (7), 
Secure with зіх (6) No. 
10-52х7/16" long fillister 
head screws and light washer. 


(с) Install 
diffuser assembly (7) to 
bearing support, using gasket 
and screen (3). Secure with 
seven (7) 1/4-28x3/4" hex head 
Cap Screws and plain washers. 


(4) Insialistion 
of Turbine Rotor Assen iy. 
(Fig. 50) 
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(a} With 
turbine wheel (1) on stand 
No. 251,252, install oil 
deflector (2) over shaft. 
Install roller bearing (3) 
and spacer (4), Secure to 
Shaft with locking washer 
(5) urd locking nut (6), 


NOTE: MATCH ZEROS ON ALL 

MARKED PARTS. INSTALL 

SHAFT GUIDE IN FRONT 

BEARING OF EOUSING BEFORE 

LOWERING OVER TURBINE 

SHAFT, 

(b) With 

lifting sling No. 251,257 
attached to lifting plate 
on ring and tube assembly 
(2), raise assembly апа 
lower it over turbine rotor 
assembly (1).. (Fig. 31) 


CAUTION: DO NOT DAMAGE THE 
OIL SEAL. 


NOTE: ІТ WILL BE NECESSARY 
POR THE REAR BEARING OIL 
JET TO PASS THE LOCKING NUT 
ON TURBINE SEAFT AT POINT 
WHERE TAB WASHER IS LOCKHED 
INTO LOCKING NUT. 


(c) With ring 
and tute assembly resting on 
outer есде of stand and 
turbines on jack-plate, raise 
turbine assembly with jack 
until turbine wheel is touching 
gas baffle. 


(d) Install 
ball bearing (4) Ín sliding 
ring (3). Install retaining 
nut (5), Install this 
assembly over turtine shaft 
and into bearing support 
lining up the zeros, 


(e) Place 
coupling ring (7) and turbine 
coupling hub (8) over shaft. 
Hold in place with locking 
washer (9) and locking nut 
(103. 
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(1) Turbine Wheel 
(2) 011 Deflector 
(5) Roller Bearing 
(4) Spacer 

(5) Lockiínz Washer 
(6) Locking Nut 


ASSEMPLY OF REAR BEARING 
TO TURBINE WHEEL ASSEMBLY 


FIG. 50 
NOTE: DO NOT REND ТАБ 
ON WASHER AT THIS TIME. 


(f) Install 
adjusting nut (6) over slid- 
ing ring (3). 
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Turbine Wheel Assembly 
Ring and Tube Assembly 
Sliding Ring 
Bell Bearing 
Retaining Nut 
Adjusting Nut 
Coupling Ring 
Coupling Hub 
Locking Washer 

) Locking Nut 

) Coupling Sleeve 
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INSTALLATION OF RING AND 
TUBE ASSEMBLY TO TURBINE 
WHEEL ASSEMBLY 


FIG. 31 


(g) Install 
coupling 819959 to coupling 
ring and secure with 
sixteen (16) socket head 
cap screws. 


(h) Set the 
turbine wheel clearance by 
the following procedure. 
(Ғір. 32) 


1. In- 
stall bracket on bearing 
support and attach indicator 
with point of indicator 
resting on front of turbine 
shaft. 


2. With 
jack under assembly stand, 
jack up turbine wheel, slowly 
rotate wheel while using 
Jack until a slight rubbing 
is heard on gas baffle. 


5. Screw 
down the adjusting nut until 
it seats lightly on bearing 
support and set indicator 


NN 
SU TP A to read zero. 
TU e 
ун f = 


NOTE:  ІМОТСАТОВ SHOULD 
BE COMPRESSED TO ASSURE 
APPROXIMATELY .080 
TRAVEL, 
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4. Lower 


jack to free turbine Wheel. Р 
ОРЕ у 
off adjusting nut ti а 
us nut цабТі 2 
indicator reads 0.060 to фейк. 


0.070" and line up holes Гог E Леча" 
cap screws. (Refer to Table | 
of Limits for latest 
clearance) 


Bearing Support Assembly 
Lock Plate - 
Cap Screw | 
Fillister Head Screw 
011 Jet Assembly ` 
011 Jet Gasket 
Washer | 

011 Jet Bracket 


i i 
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SETTING TURBINE TO GAS 
BAFFLE CLEARANCE ` 


; ; INSTALLATION OF FRONT OIL 
FIG 32 JET AND LOCK PLATE 


а, " FIG. 33 
(1) ' Install j 
ont turbine oil Jet Жу 


assembly (5). Secure with А; q v 
three light washers (7) and T ee oP 
three Ко. 10-32х1 1/4" 


fillister head screws (4). . NOTE: CHECK SECTION V 


(1) Install `. FOR TIGHTENING PROCEDURES 
the oil jet bracket (8). ν 
Secure bracket and lock plate 4 8. INSTALLATION OF 
(2) with seven 1/4-28x5/16" ACCESSORIES DRIVE 
cap screws. Also install | UNIT. (FIG. 54) 
fillister head screws (4) in 
lock plate. (1) Turn compres- 
| sor unit (1) so that' diffuser 
NOTE: PLACE LOCK PLATE 1s horizontal. · , 
UNDER THE PROPER CAP i ; қ 
SCREWS SO THAT PRONG (2) Install | 
FITS NOCH OF ADJUSTING | gasket (2) оп the bearing 


NUT. . support mounting surface. - 


ә” xd 
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KE S T R 
(5) Turn access- 

ories gear stand until the 

front of assembly is at the 

top, and atiauch sling 

Νο. 251,205 (4) to the front 

of drive unit (3). 


(4) Install 
accessorles drive shaft (9) 
іп compressor front shaft, 


NOTE: THE TWO ENDS OF THE 
SHAFT ARE IDENTICAL. BE 
SURE SPLINES ARE PROPERLY 
ENGAGED, 


(5) Lower accesa- 
ories unit into position on 
front bearing support, 


(a) Guide 
drive shaft into splines of 
clutch shaft as unit is 
lowered. 


NOTE: ІТ MAY ВЕ NECESSARY 
TO TURN IMPELLER TO ENGAGE 
SPLINES. 


(6) Insert 
thirteen (13) 5/16"-24x11/16" 
lorg bolts (7) fitted with 
tnek 3/8" washers (6), 
through holes at the V'a 
of the truss ring and through 
the accessories casing flange, 
Secure the bolts at the front 
with 3/8" conical washers and 
self-locking nuts (8). 


(7) Insert two (2) 
5/16"-24x2 3/4" long bolts at 
each side of liftinz attach- 
ment, and twelve (12) 
5/16"-24x2 9/16" long bolts in 
the remaining holes using the 
Same washer-nut combination as 
in step (5). 


(B) Install а 
3/8"~24x4 7/64" long cap screw 
with a 3/8" thick washer in 
the attaching hole at the 
bottom of the casing. 
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(9) Snug &ttach- 
ing bolts and cap screws. 


(a) after the g 


firat bolt із snug, advan 5,180 
to the next, then back 907, 

the next, then advance 180 . 
The remaining may be tightened 
in any sequence. 


(10) Torque accessa- 
ories casing to bearing support 
nuts and cap screws according 
to limits given in section V 
of this manual. 


(11) Install front 
Support to accessories casing, 
IF REMOVED, 


(a) Build 


front ball support. 


1. Place 


male support through hole in 
Support cap so ball fita into 
cap. 


e. 
female support over male 


Screw 


` Support threads. 


(b) 
support assembly. 


Install 


1. Pit 
ball seat to ball апа cap. 


2. Attach 
to accessories casing with 


four (4) 5/16"424x1 1/8" long 
сар screws, N 


INSTALLATION oF 
TURBINE UNIT 
ASSEMBLY. 


(1) Turn stand 
to horizontal position. 


(a) Attach 
one end of sling No. 251,168 
to diffuser flange and other 
to accessories gear casing, 


ь. 
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ез Compressor Unit 
ы Cas ize Ὁ 
Accessoriea Drive Unit 


(4) Sting 

(5) Cap Screw 

(6) Washer 

(7) Bolt ‘ 

(8) Bali Support | 
(9) Nut 
(10) Accessories Drive Shaf 


INSTALLATION OF ACCESS RIES 
DRIVE UNIT 


(b) With 
hoist, remove the assembly 


from engine stand No. 251,176 ` 


and place in stand No. 
751,168. Fasten eng ine 
securely by trunnions and 
ball support. 
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(2) Turn stand 
until accessories unit 18 at 
bottom. 


(3) Lift turbine 
unit with sling (7). 
(Pig. 35) 


(4) Install 
gasket (4) on compressor bear- 
ing support (1). 


| (5) Lower turbine 
unit (6) over compressor 
assembly. 


(a) Align zero 
mark on compressor rotor hub ᾿ 
with zero mark on sleeve. 


(b) Align lift- 
ing boss on diffuser with ` 


lifting boss (8) on ring and tube 
assembly. 


` . (6) Install fourteen 
(14) 3/8"-24x2 5/8" long cap 
screws (2) in the attaching 
holes at the inside of the V's 
of the truss ring. Use special 
washers (3) under the cap 
screw heads. 


NOTE: KEEP A SLIGHT TENSION 

ON CHAIN HOIST DURING 

INSTALLATION. 

T os ` (7) Install the 
fourteen (14) air baffles 
between the combustion chambers, 


(a) Install 
the twelve double and two 
single baffle brackets (5) to 
truss ring with fourteen (14) 
3/8"-24x1 5/8" long cap screws 
(4) and special washers (7). 


NOTE: SINGLE BRACKETS ARE 
USED IN THREE LOCATIONS 
WHERE THERE IS INTERFERENCE 
AT THE OIL SCAVENGE LINE AND 
AT THE OIL-IN FITTING AND 
OIL-IN LINE. 
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Rear Compressor Pearing 
Support, 

Cap Screw 

Washer 

Gasket 

Coupling Sleeve 

Turbine Unit 

Sling 

Lifting Boss 
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INSTALLATION OF TURBINE UNIT 
ASSEMBLY 


FIG. 55 


PRELIMINARY 


(b) Install 
fourteon (14) inner air 
bafflas (2) to tube assembly. 
Secure to flange with віх 
(6) No. 10-32x19/32" long 
cap screws (4), 


(ο) Install 
outer air baffles (3) to 
tube assembly. Secure to. 
flange with six (6) 

No. 10-32x1 19/32" long cap 
screws (4). 


NOTE: BAFFLES NOS. 1 AND 
14 ARE NOTCHED FOR OUTSIDE 


J) Truss Ring 

) Inner Air Baffle Seotor 
) Outer Air Baffle Sector. 
) Cap Screw 

) Bracket 

) Combustion Chamber 

) Special Washer 


INSTALLATION OF AIR BAFFLES 
FIG. 36 


(8) Install air 
adapters to engine, 
(Fig. 37) 


(а) Build 
air adapter assemblies, 


i. Іп- 
‘eye nozzle (6) into adapter 
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а. Ine 
stall gasket (7) оп nogsle. 


Ῥ. Іп- 
stall nozzle into adapter, 


° 
ghten to specifications. 


2. Ine 
stall fuel filter (9). 


а. In= 
stall filter into housing, 


b. Pl- 
асе spring (10) on top of 
filter. 


Ge In- 
55411 gasket (18) to plug 
121) and screw plug into 
&aapter, 


5 i . d... Ine 
Stall dome (5) and secure with 
three (5) No. 10-24x5/8" lemg 
cap screws (4). lad 


(b) Install 
adapters to engine. 


1. Push 
etapters over rings у | | | 
ходел оп assembly. клы mares 
2. Place (2). Air Adapter Assembly 
a gasket (12) on both sides of P$ Diffuser 
з spacer and insert between 5) Cap Screw 
шады, (5) and air adapter 5 Piu сазда 
` 7 Gasket 
NOTE: PLACE THIN FLANGE OF е ан 
SPACER TO THE FRONT, (10) Filter Spring 
| 3. Seoure (11) Filter Plug 
adapters end spacers to (12) ΕΕ 
diffuser with ten (10) 1/4" 1% PEE 
plain washers (14) &nd ten (10) а 
ο Жиз ды 998, PEP INSTALLATION OF AIR ADAPTER 
zi і ASSEMBLIES 
FIG. 37 


- — PRELIMINARY 
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c. INSTALL ACCESSORIES 
TO ENGINE. 
(FIG. 38) 


(1) Install lube 
pump (1). 


(a) Match 
splines on pump dTlve adapter 
with those on the drive shaft 
at the six o'clock position 
on the accessories drive unit, 
and install gasket (2). 


(b) Install 
pump with the two outlet porta 
&t the top. 


(c) Secure 
with six (6) 5/16" plain 
washers and six (6) 5/16". 
24х1" long cap screws. 


(2) Install 
governor (3). 


(a) Match 
splines on drive Shaft to 
those on the shaft at the 
three ofclock position of 
the accessories drive unit, and 
install gasket (4). ' 


(b) Install 
governor to engine. Line up 
match marks on flanges of 
accassories casing. and on 
the governor. 
| (с) Secure 
with four (4) ДРУ 
and four (4) 5/16"-24 self- 
locking nuts. - 

1 
(5) Install fuel 
pump (5). 


(а) Match 
splines of pump drive to 
those of uccassories drive 
shaft in the one o'clock 
position, ard install pump 
zasKet (5). 
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(р) Install 
; к on 
pump to ΘΏηρ ine with mar 
flange matching that on the 
casing. 


(c) Secure 
with four (4) 5/16" plain 
washers and four (4 
5/16"-24 self-locking nuts. 


(4) Tuo^thll 
пепегабог (7). 


(a) Mutch 
splines on drive shafts un! 
install z&sket (8) in eleven 
o'clock position on sasing» 


(b) Install 
generator to engine with 
mark on flange matching that 


on caging. 

(c) Secure to 
engine with six (6) 3/8" plain 
washers and 91x (6) self-locking 
nuts. 


(5) Install starc- 
ing fuel pump cover pad (9). 


(а) Install 
gasket (10) and pad to casing 
at the five o'clock position. 


(b) Secure 
with four (4) 5/16" plain 
washers, and four (4) 5/16"-24 
self-locking nuts, 


(6) Іпзіні1 tach- 
ometer senerator (11). 


(а) Install 
tachometer лепега бог adapter 
(12). 


1. Place 
gasket and adapter on the six 
(6) studs at the nine o'clock 
position. 


2, Secure 
with six (6) plain washers and 
six (6) 5/8"-24 self-locking 
nuts. ` 4-51 
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b) Install 
tachometer generator. 


1. Matoh 
ЕТИШ and install gasket 


2. Matoh 


marks on flanges and Install 
tachometer generator on the 
adapter. 


Se 
with four (4) 1/4" plain 
washers and four (4) 
1/4"-28x5/8" long cap screws. 


(7) Install starter 


assembly (14). 


(a) Match 
marks on flanges und install 
gasket (15). 


(b) Install 
starter on six (6) studa in 
the seven o'olock position, 


o) Secure 
with six (6) 5/8" plain 
washers and six (6) 3/8"-24 
self-locking nuts. 


HOTE: IT MAY BE NECESSARY 
TG TURN KNOB ON STARTER TO 
ENGAGE THE STARTER GEARS. 


(8) Install baro- 
metric (16). 


(a) Place 
barometric and bracket 
assembly on four (4) studs 
ou front of lube pump. 


(b) Secure 
with four (4) 1/4"-28 self- 
locking nuts. 


(9) Install lu^e 
filter (17). 


(19) Install con 
trol valve. (Fig. 39) 
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Seoure 


(а) Р1аоб 
control valve on left side 
of accessories casing. 


(b 8φουτα 
with three (3) 1/4" plain 
washers and three (Š 
1/4"-98х5/8" long сар Sorews. 


(11) Install 
ignition coil and fuel 
manifold, 

(а) In- 


stall coil and bracket 
assemblies to the two 
diffusor studs in line with 
combustion chamber no. 7, 
апа on those in line with 
Ко. 1%. (Fig. 40) 


е 8а = 
sure each with two (2 
5/В"-24 self-locking nuts. 


. 8. ine 
tall clamp to guide vane 
flange with one (1) 
1/4"-20х1 1/32" long oap 
soray. 


(b) Instell 
fuel manifold to engine. 
(Fig. 40) 


1 . Se= 
cure by attaching brackets to 
remaining studs without nuts. 
(Excepting those in line with 
combustion chambers No. 7 and 
No. 14) 


2. In- 
stall 3/8"-24 nuts over 
brackets. 


S. їп» 
stall drip valve to fitting at 
the bottom of the fuel mani- 
fold. (Fig. 29) 


(12) Install spark 
plugs. 
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Lube Pump 

Gasxet 

Governor 

Gasket 

Fuel Pump 

Gasket 

Generator 

Gasket 

Starting Fuel Pump Paå 
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Gasket 

Tachometer Generator 
Tachometer Generator 
Adapter 

Tashometer Generator Gasket 
Starter Assembly 

Gasket 

Barometric 

Lube Filter 
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INSTALLATION OF CONTROL VALVE 


FIG. „зө 


(а) Install 
gasket and plug in air 
adapters No. 7 and No. 14; 


NOTE: PLUG IS INSTALLED 
WITH HOLE IN SHROUD TOWARD 
THE DOME. І 


(b) Secure 
with two (2) 1/4"-28x1/2" long 
cap screws. І 


(с) Attach 
shielded cable from coils to 
plugs, 

d. INSTALL OUTSIDE 
т PIPING ASSEMBLY, 
(FIG.'S 41 and 42) 


(1) Install drain 
from fuel pump to governor 


(5). 


(a) Attach 
line to the lowest of the 
four drains in the fuel pump 
flange, and to the fitting 
on the governor flange. 


(2) Install drain 
from governor mounting ar 
to governor casing drain (6). 
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(1) Ignition Coll. 
(2) Spark Plug 
(3) Ignition Lead 


INSTALLATION OF IGNITION 
ASSEMBLY 


FIO. 40 


(3) Install line 
from governor casing to 
(7). 108 pump cover pad 
7). 


(а) This 
line attaches to The pump 
pad tee fitting on the 
side away from the control 
valve. 


(4) Install line 
from control valve to start- 
ing pump pad (8). 

(а) Attaon 
line to aide of fitting 
opposite the line from 
governor casing. 


(5) Install line 
from pad to drip valve (9). 
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ASSEMBLY OF OUTSIDE PIPING 
FIG. 41 
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(6) Install line 
from control valve to дгір 
valve (11). 


(а) Tighten 
to specifications (Section 
5 of this manual). 


(T) Install tur- 
bine bearing scavenge oil 
line (12). 


(а) Install 
grommet and braokét on line 
and attech to air baffle. 


(b) Attach 
to scavenge fitting with 
hose and clamps. 


th at (с) Attach 
other end to lower pump 
fitting. 


(8) Install o11 
pressure lines (2), (3), (15), 
and (4). 
(а) Install 
(2) to fitting (15) апа fitting 
to rear turbine bearing line. 


(b) Install 
(5) to (15) and to (4). 


(с)  Аббась 
fitting (4a) to front 
compressor bearing fitting. 


(4) Attach 
(4) to lube filter fitting. 


(9) Attach 
aceassories casing vent line. 


(a) Install 
bracket assembly to vent line 
and to rear of accessories 
casing to compressor bearing 
support split line. 


(10) Install combus- 
tion chamber drain lines (14) 
to combustion chambers 5 to ll, 
inclusive, and to drain valve. 


PRELIMINARY 


(11) Install 
gonerator cooling air duct 
assembly (15). 


8. INSTALL ACCESSORIES 
^ PIPING ASSEMBLI. 
(FIG. 45) 


(1) Inste1) 011 
return line (15) to outor fitt- 
ing on pump &nd to accessories 
caging fitting on right rear 
of casing. 


(2) Install oll 
pressure line (18) to roar fitt- 
ing of pump and to tho fitting 
next to the handle of the lube 
filter, and to the front. 


(3) Install pressure 
line (17) from filter to 
accessories gear casing. 


(4) Install fittings 
into the remaining accessoriaa 
ав follows: 


(а) Install 
fitting (26) into port of 
fuel pump marked "IN", 


fitting (20) 1 (9) Install 
ng nto port of pump 
marked "our", P 


(e) Install 
fittings (27) апа (28) into 
governor, 


(d) Fittings 
(29) and (30) should be € 
installed in barometrio if 
they have been removed, 


(5) Install fuel 
pump to governor pressure 
line, 


(а) Install 
line (21) to rittT 2 
and (27). nes (20) 
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(6) Install 
governor to barometric pressure 
line. 


(a) Install 
line (23) to fittings (27) 


(7) Install баго- 
metric to governor by=pasa 
line. 


(а) Install 
line (22) to fittIngs (29) 
and (28). 


(8) Install gover- 
nor to fuel pump by-pass line. 


(a) Attach 
line (18) to fittings (28) 
&nd (30) . 


(9) Install fuel 
pump to control valve 
pressure line. 


(а) Attach 
lins (19) to fitting (20) 
and to check valve (24) which 
has bean assembled into 
fitting (25). 


f. INSTALL EXHAUST 
™ CONE ASSEMBLY TO 
ENGINE. (FIG. 44) 


(1) Install exhaust 
сопе, 


(8) Secure with 
fourteen (14) nuts and pal 
nuts on the tie strap clevices 
and twenty-eight (28) special 
bolts, special nuts and pal 
nuts,” 


PRELIMINARY 


Clevice 
Ring and Tube Assembly 
Exhaust Cone 


INSTALLATION OF EXHAUST CONE 
FIG. 44 
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